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usuries  OF  TEs  oHAhl'D  0iIAl;G13  RESEA, V3  AND 
DEVilLOBiEHT  STEERING  AND  COORDINATING  COUKITTSS  MEETING 
26,  27  July  1955 


A ,  Opening  oT  Meeting 

Tho  Seventh  Meeting  of  the  Ordnance  Corps  Shaped  Charge  Research  and  Ge- 
.  velypitent  Steering  and  Coordinating  Committoe  »:  *  held  at  WatortGwn  Arsenal, 

‘  Watertown,  Massachusetts,  on  26,  27  July  1S55  at,  1030  hour#  with  Dr.  L.  Zernow 

presiding. 

Col.  a.  P.  Taber,  Commanding  Officer  of  Watertown  Arsenal  delivered  tho 
welcoming  talk  to  the  Committee.  Se  disoussed  the  complexity  of  the  Shaped 
■  Charge  Program,  and  oomiiiended  the  team  work  exemplified  by  the  Shaped  Charge 

-  Committee.  Out  of  Sha^  d  Charge  research  liav&  come  iuoh  diversified  develop- 

j  ments  such  us  the  bariua-titanate  fuse  /»J,mcky"),  flash  radiography  for  direct 

}  observation  of  rapid  moving  events  and  improvements  in  HEAT  ammunition,''  Col. 

Taber  conoluded  with  wishas  for  tue  continued  suoosss  of  the  Committee  and  his 
|  ,  pleasure  in  being  hos.t  to  tho  Committee, 

I  ’ 

f  8,  Recommended  Praoticos  Bulletin  for  Targets 

lir.  Ac  Hurlioh  distributed  for  inspeotiou  only,  copies  of  a  rReoommondod 
Praotioes  Bulletin  for  Targets  for  Shaped  Charge  Research  and  Dovelopmer.v*. 
Arrangements  were  made  for  distribution  of  these  bulletins  through  the  Bailie tio 
Research  Laboratories  to  organisations  represented  at  the  Committee  Meeting. 

It  was  requested  that  thoy  be  carefully  examined  by  all  who  receive  them. 
Comments,  correotions  and  any  supplementary  information  which  it  la  oonsiderod 
desirable  to  include  in  this  bulletin  should  bt  forwarded  to  Ur.  A.  Hurlioh, 

I  Watertown  Arsenal,  Watertown,  Uasaaohusetts,  It  is  planned  to  iasus  an 

addendum  when  it  is  warranted. 

C.  Plate  vs  Billet  for  Targets 

The  economics  of  steel  billets  vs  steel  plates  os  targets  for  obtaining 
shaped  charge  information  waa  disoussed.  Mr.  L.  A,  foe  of  the  Bjorksten  Re¬ 
search  Laboratories,  Ur,  J.  Regan  of  the  BEL,  Dr.  3,  Winn  of  Firestone  Tire  and 
Rubber  Company,  and  Dr.  E,  N,  Clark^of  Picatinny  Arsenal  presented  their  ex¬ 
periences  and  tho  costs  involved.  The  detailed  coats  of  serial  and  labor  is 
published  in  this  issue  of  the  Shspod  Charge  Report  and  will  aiso  be  included 
|  in  the  "Recommended  Praotioes  Bulletin".  • 

j  Dr.  Pugh  pointed  out  that  where  volume  measurement?,  are  desired,  the  bll- 

j  let  target  is  superior  to  the  plate,  However,  the  diameter  of  the  billet  must 

i  b»  large  enough  *  ■  avoid  swelling  end  deformation  of  the  target  by  the  pane- 

|  tratlng  Jet,  Dr.  Pugh  also  stated  that  perfo  nance-wise  no  differences  have 

|  been  detected  between  billot  and  plate  targets.  However,  with  better  charges, 

!  s»aii  differences  in  the  behavior  of  steel  billet  and  ateel  plate  m.ght  be 

!  detectable. 

j  Col.  Taber  suggested  that  because  of  the  high  material  costs  involved  in 

! 


aPioetinny  paper  will  appear  in  the  next  isiv's  of  the  Shaped  Charge  Research 
Report, 
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tne  jse  of  s'.eei  T.  rrgc-ts,  sar,.e  thought  oa  devoted  to  ci.e  use  of  o*h-r  Txat.erials 
ana  forTS  inJch  .right  bo  cheeper  than  steel,  for  example,  targets  cor»3j  r-.iab 
'  of  ccieiners  filled  with  water  or  sand, 

D.  57iau  JILAT  Dovelopiamt  Program 

i 

Ki .  C,  E,  Jacobson,  ficati-ny  Areeral,  reported  on  the  57mm  3EAT  Dovalop- 
meut  Program  as  follows  i 

1.  Priority  assignment  to  tb.a  project  has  boon  raised  fro*  priority 
2  to  1-b  by  0C1JA-590,  through  the  efx'orts  of  Mr.  Uas 'ey.  However,  the  offioial 
OCR  had  not  arrived  at  Pioatinny  at.tii.ie  of  discussion. 

2.  Allotment  of  additional  funds  for  this  program  had  not  been  re¬ 
ceived*  - 

3.  Following  t-l  •*  suggestion  made  st  the  previous  Committee  meeting 
for  oloser  liaison  between  Pioatinny  Arsenal  and  Carnegie  Institute  of  Tech¬ 
nology,  25  cones  were  sent  fro*  Pioatinny  for  inspection  by  Carnegie  Institute. 
Results  of  inspections  to  date  indicate  little  dimensional  variations  from  the 
Pioatinny  results.  Also  noted  was  the  fact  that  the  results  of  inspection* 
performed  on  the  Camin  manufactured  eleotrofrr'vtd  liners  were  not  as  variable 
as  had  been  previously  believed. 

4.  The  inepeotion  procedure  and  the  results  obtained  et  Pioatinny 
Arsenal  were  described  ss  follows i 

•  Two  hundred  liners  wore  received  by  the  Arsenal  from  Camin  Labora¬ 

tories,  Six  liners  wars  checked  for  wall  thickness  at  3  circumferential  aivi 
two  longitudinal  points.  Maximum  dispersion  was  1.5  mils.  Index  angles  mot 
v  specifications.  Five  liners  were  ohosen  to  oheok  offset  angle  of  flute  (whioh 

requires  nutting  the  liner)  Offset  angles  varied  from  27°  to  42°  where  the 
drawing  requirement#  wars  30°.  Maximum  flute  depth  variation  was  ,3  mil  In 
any  one  liner.  Ger* rally,  the  liners  whioh  were  reported  to  ha to  done  so 
poorly  in  compensating  for  spin  d<~  not  shew  themselves  to  be  inferior  dimension¬ 
ally. 


One  point  notiood  was  that  at  tne  bass  of  the  flute,  the  poor  per¬ 
forming  liners  had  *  sharp  corner,  where  previously  there  was  a  radius.  In  the 
belief  that  thi*  sharp  corner  say  have  Induced  a  weakening  of  the  liner  and 
possibly  break-up  of  the  liner  prior  to  its  ooilapaa,  it  was  planned  oy  Pioatinny 
to  investigate  the  performance  of  liners  similar  in  all  do? .11  to  the  pn«- 
performing  ones  with  the  exception  that  the  bate  would  be  filleted  instead  o* 
sharp-cornered.  However,  to  expedite  the  work  on  this  pregram,  additional 
fund*  would  be  essential.  Dr.  Eichelberger  responded  that  photomicrographs  of 
the  liner  profiles  sent  with  the  original  ur swings  illustrated  a  radius  at  the 
base  of  the  flute.  Apparently,  theae  profiles  were  not  followed  In  the  fabri¬ 
cation  of  present  liners.  However,  there  has  aeon  no  past  experience  which 
would  warrant,  an  explanation  for  the  poor  per  for  mane.  Doing  based  upon  ’ v  * 
sharp  vs  the  filleted  corner.  It  was  suggested  by  Dr.  2d r now  that  instead  of 
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investigating  v;hnt  factors  have  gone  Into  raking  these  present  liner3  perform 
so  poorly,  it  would  be  of  graBtor  ialue  to  go  back  t~  the  dimensions  and  con¬ 
figuration  of  the  cld  laify  liner,  v/hich  did  snow  good  spin  c. upensation,  and 
attempt  to  reproduce  these  in  all  details.  Thus  could  the  laboratory  result* 
be  more  rapidly  applied  to  t.ne  development  of  tae  67mm  HEAT  Servico  round.  It 
ras  rise  suggested  that  Pica  tinny  might  obtain  a  •*  L'7mm  fluted  liners  fabri¬ 
cate  i  by  Roe  Light  which  givs  7"  penetration  at  !?)0  rps.  The  process  in¬ 
volves  e  drawing-coining  combination  with  tha  flute  having  a  large  radius  or 
the  exterior  and  a  «ir,all  radius  on  the  interior. 

E.  Shaped  Charges  at  Long  Standoff  Against  Aircraft 

hr.  R.  Soveil  of  t.  Navai  Ordnanoe  Peat  Station,  presonted  some  of  the 
current  investigations  on  the  e.rfecta  of  aluminum  jet3  upon  thin  walled  fuselagos 
at  long  standoffs  -.vith  charges  ranging  from  4"  to  8-1/2”  in  diameter.  This 
paper  appears  in  this  issue  of  the  ohapod  Charge  Report.  One  conclusion  whioh 
was  drawn  from  the  evidence  presented  was  that  in  addition  to  damages  from  the 
jet  perforating  the  fuselage  wall,  considerable  dsmage  to  the  fuselage  resulted 
from  forays  generated  within  the  fuselage  after  the  jet  perforated.  Projected 
slides  showed  complete  rupture  of  the  fuselage  as  the  result  of  an  aluminum  jet 
from  an  8-l/2"  diameter  oharge  firod  80  feet  from  the  fuselage  and  perforating 
the  fuselage  wall. 

F*  Ultrasanios  In  Mon-Pestruotive  Testing 

Ur,  C,  hustings  of  the  Watertown  Arsenal  presented  a  movie  on  the  uae  of 
the  Sperry  Ultrasonic  Reflaotosoope  wtiioh  had  been  modified  for  easy  manipu¬ 
lation  over  irregular  configuration*  as  well  as  rough  surface  finiihes.  Thia 
has  baen  roooapliahad  byi  ' 

1.  A  series  of  weighted  binges  whioh  permits  easy  movement  of  the 
-  crystal  over  tha  surface  of  the  object  being  inape  oted. 

2.  A  series  of  curved  or  straight  facea  adapters,  fitted  over  the 
crystal  face  which  permits  tha  crystal  to  ride  over  curved  or  flat  areas. 

5.  A  water  coupling  between  the  orystal  and  th»  inspected  surface 
whioh  permits  tha  use  of  ultrasonic  seeker  over  rough  surface  finishes. 

Possible  application  of  this  type  of  refleotoseope  for  determining  the 
penetration  of  a  shaped  oi.arge  jet  into  a  stool  target  was  discussed  and  IV. 
Hastings  expressed  the  opinion  that  the  sensitivity  of  the  refloctosoop- 
be  made  to  differentiate  between  the  bottom  of  the  hole  and  any  copper  from  the 
jot  which  may  have  boen  deposited  in  the  hole.  It  “.ss  suggested  that  the  ap¬ 
plication  of  the  Ultrasonic  Refleotoseope  be  considered.  . 

G.  R-Salt  Explosive*!  Potential  Use  in  Shaped  Charges 

iir.  C,  E,  Jacobson  presented  a  paper  on  an  explosive  being  investigateo 
by  Picatinny  Arsenal  which  involve#  replacing  some  PDX  with  a  material  desig¬ 
nated  R-3-.lt.  Uixture  ijZQ  currently  i  -v*isiat»  or  70 i  HRX,  27,,  R--*»lt, 
2-l/i$  Pananthraue  end  1/2/5  2-Nitrodiphenyltmino .  Mixture  38  ir.  less  sensitive 
to  impact  than  Coop  9  and  he*  «  stability  equal  to  50/50  PentolH,.  The 


CONFIDENTIAL 


,  solubility  of  RfCi  in  R-Salt  is  approximately  twice  the  weight  of  R-Salt.  Re¬ 

sults  of  tests  V'lth  mixture  38  in  shaped  charges  have  not  been  very  encouraging. 
However,  th«-  charges  v/ere  found  to  be  porous,  chipped  and  the  cones  loose  in 
t  the  charge  due  to  poor  casting  techniques.  Further  investigations  are  intended. 

The  full  paper  appears  in  this  issue  of  the  Shaped  Charge  Report. 

H.  Surface  Effaota  Investigation 

The  discussion  on  the  Surface  Effaota  Program  which  was  on  the  Agenda  for 
this  meeting  ?■'<•  deleted  duo  to  temporary  delay  in  testing  program  which 
j  is  being  conducted  a*  Picatinny  Arsenal,  Some  results  may  be  available  for 

\  th$  nert.  meeting.  A  parallel  investigation  is  currently  under  way  at  the 

t  Carnegie  Instituco  of  Technology,  involving  liners  rejected  by  the  Moo  Light 

Company  for  slight  defects.  Those  will  be  fired  to  deteot  what  effeots  these 
•light  flaws  have  upon  penetration, 

!  I.  Library  of  Congress  Bibliography  on  Shaped  Chargos 

i  Ur,  J,  Gibson  of  the  Library  of  Congresa  announced  that  the  Shapad  Chirge 

Bibliography  preparod  by  the  Library  will  be  ready  for  distribution  In  August 
1955, 

J,  Dr,  Pugh  expressed  for  himself  and  for  the  Committee  the  regrots  felt  st 
Dr,  ter now’s  departure  from  the  Ordnonoe  Corps  and  the  Shaped  Charge  Committee . 

K,  Ur.  U,  Uillor  of  OCQ  waa  nominated  and  unanimously  eleotod  aa  chairman  of 

'  the  Committee , 

L,  80  -  106  «■  120am  Caliber  Evaluation  Program 

i  "  """" 

Dr*  Zernow  presented  the  current  thinking  on  plana  for  firing  the  90  -  106  » 
120mm  Caliber  Evaluation  Study*  Plana  are  being  formulated  to  add  e  tank 
evaluation  phase  where  9  rounds  of  eeoh  oaliber  as  well  aa  an  additional  105aw 
modification  will  be  fired  again#*- tanka  and  evaluated  for  lethal  effectiveness, 
i  It  is  planned  to  fire  these  four  seta  cf  rounds  against  four  identical  tanks* 

|  Problems  which  arise  iu  planning  thin  phase  arei 

1*  Selection  of  typo  and  model  of  tank, 

|  2.  W»ioh  tanks  components  must  be  operative,  which  mey  be  simulated. 

3.  Locations  on  tanks  foi  point  of  im^nct  of  rounds. 

Generally,  it  had  taou  agreed  at  a  previous  noting  of  the  BRL  (TBL  A  WSL), 
Firestone  and  DAPS  that  the  fuel  and  ammunition  oompartmonta  are  too  sensitive 
to  be  used  to  differentiate  differences  in  '•‘Vectiveness  between  the  90am  and 
120mm  HEAT  rcejnd  Hence,  the  conclusion  had  been  ro»':«d  that  all  firings 
should  be  conducted  into  the  orew  compartment.  Farther  meetings  by  th*  ambers 
directly  concerned  with  this  program  i3  being  planned,  Ur,  Salter,  Detroit 
> rseoal,  suggested  that  in  conducting  auoh  a  piogram,  aluminum  liners  in  the 
I  lZCom  caliber  should  bo  included,  rtith  this  larger  csiibor,  tr-e  ajumioum  jet 
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My  achieve  t.-.o  p.  nstratLon  require ."lents  nob  obtainable  in  the  3it'al  1  ir  calibors 
and  tho  increas'd  lethal  effectiveness  may  moi  o  than  comur-ns ' t..  for  the  large 
caliber  accessary  to  achieve  tho  penetration. 

Dr.  Zernow  agreed  that  such  an  oxparim-'n'.  would  bv>  of  value  and  agreed 
that  it  should  bo  undo r taken  at  a  later  data,  j.owovor,  th«  time  available  io 
complete  tho  Caliber  Evaluation  Program  wo  . ) J  no-  permit  thr.se  additional  f  1.  ir. 
t.o  be  completed  i.i  this  program.  Inclosed  -»s  Appendix  III  is  tho  Caliber 
Evaluation  Testing  "rogram  on  tna  90  -  106  --  120ram  HEAT  Rounds  a3  currently 
plannod. 

V  .  “DART"  Lethality  Evaluation 

Dr.  Zernow  described  the  problems  involved  in  assessing  tho  lethal  ef¬ 
fectiveness  of  tho  "DART"  Warhead  as  very  similar  to  the  problems  faced  in  the 
90  -  106  -  120mm  Caliber  Evaluation  Program.  Any  conclusions  arrived  at  on 
testing  procedures  for  the  Caliber  Evaluation  study  may  be  applied  to  tho 
"DART"  study. 

In  nonjunotion  with  these  two  programs,  irr.  Salter  mentioned  th.j  availa¬ 
bility  of  a  wooden  model  of  the  JS  III,  constructed  by  Detroit  Arsenal  and  con¬ 
taining  all  components  based  upon  the  most  current  information.  He  suggested 
that  this  model  may  be  studied  for  possibilitins  of  constructing  simulated 
tanks  «r  components  instead  of  using  American  model  tanks  against  which  to  tost 

N«  Editor  of  Shaped  Charge  Research  Report 

John  Squier  wan  proposed  as  the  Editor  of  the  Shaped  Charge  Research  Re¬ 
port  to  replace  Dr.  Zernow.  This  was  agreed  upon. 

0.  Jwnthallty  Evaluation  Coaraltteo 

With  the  increased  emphasis  on  lotbality  evaluation  of  shaped  charge 
ammunition,  the  Shaped  Charge  Committee  recommended  that  a  Lethality  Evalu¬ 
ation  Committee  be  organised  or  if  one  is  in  exietenoo,  it  be  reactivated, 

Ur.  Miller  undertook  to  look  into  this  matter. 

Contributions  to  tho  Shaped  Charge  Research  Report 

Mr,  Squior  requested  that  nil  members  of  the  Committee  channel  material 
of  interest  in  the  shaped  charge  field  into  the  Shaped  Charge  Research  Report. 

.  While  there  have  been  seme  contributions,  many  more  r.cn  be  used  sr.d  aro  de- 

I  Birod. 

3.  Coordinated  Metallurgical  Program 

Mr,  H,  Markus,  Frarkford  Arsenal,  desorlbed  tho  purpor _  of  the  Coordinated 
Metallurgical  Program.  It  was  desired  to  conduct  a  etudy  of  processes  which 
could  be  utilised  in  the  fabrication  of  liners  for  HEaT  ammunition,  Thl3  pro- 
t'-c.r  ivns  subdivided  as  follows s 

lt  Pieatinny  Arsenal  to  study  liner  production  methods  involving 
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Mooting  on  Lethulity  Evaluation  Against  Tanka 

A  meeting  was  called  at  TBL  on  21  July  1655  by  Dr*  Zernow  for  the  purpose 
of  die ous sing  a  teat  plan  for  the  Tank  Evaluation  Study  of  the  Lethality  of 
Ammunition*  In  attendance  were* 


Pvt.  Ring 

Mr.  A.  Pilleraoorf 
Mr.  J.  Feroli 
Mr.  D.  Hardison 
Mr.  J.  Hanna 
Capt.  Fisher 
Dr.  L,  Zernow 
Mr.  I.  Lieberman 
Mr.  J.  Regan 
Mr.  0.  Zeller 
Mr.  0.  Miller 
Mr.  C,  Dunkle 


DAPS 

DAPS 

DAPS 

BRL 

DAPS 

DAPS 

BRL 

BRL 

BRL 

BRL 

Fireatone  Tire  A  Rubber  Co* 
Pi  cat inn y  Arsenal 


The  disoussion  revolved  around  plana  for  the  current  program  on  lethality 
evaluation  for  the  90-l06>12tam  Program  and  the  "DART"  Missile  Program,  la 
both  oases*  it  has  been  agreed  that  a  phase  for  evaluation  agalnet  tanka  would 
be  highly  desirable.  However,  the  method  for  obtelaing  the  desired  information 
agalnet  tenke  was  not  as  oleo*-. 

After  aueb  dieouaeion,  the  more  obvious  points  whieh  require  deoielon  in 
the  evaluation  against  tanks  ware  enumerated  as  follows i 


1*  The  selection  of  the  tank. 

a*  Selection  of  modsl  of  tank. 
b«  lumber  of  tanka  required 

o*  Tank  instruments  which  would  be  neeesaery  and  the  possi¬ 
bility  of  simulating  some  of  these* 

d.  Operability  of  components  whioh  are  deelrable* 

2.  Selection  of  tank  surface  against  which  to  fire. 

a-  Lc-aticn. 

(1)  Turret. 

(2)  Crew  comportment. 

b«  Obliquities  of  surface  against  which  firings  should  be 

oondueted* 

o«  Proximity  to  5 ui pansies  rvr'-a. 

3.  Enumeration  of  type  of  data  th&x  would  bo  recorded  in  great  en¬ 
tail*  The  aeti  od  io  be  estpir-».i  in  analysing  the  defc^  should  to  dearly 
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defined  bo  that  proper  assessment  of  damage  could  b«  performed  in  the  initirl 

stages* 

The  suggestion  net  nade  that  the  group  attending  this  meeting  consider 
th'iuelYc*  an  Ad  Boo  Conaittee*  members  to  ds*°  *-  some  thought  to  the  problem 
of  evaluation  of  lethality  by  use  of  tanks .  Another  meeting  to  he  called  to 
ooueider  this  question  further* 


COMMENTS  ON  TARGETS  USED  AT  TtJS  BALLISTIC  RESEARCH  LABORATORIES 

J.  M.  Regan 

Ballistic  Research  Laboratories 
Aberdeen  Prov:.">j  Ground*  Maryland 

The  target  usod  by  the  Bailiatis  Research  Laboratories  is  mads  up  of 
6*  x  6”  x  3"  blocks  stacked  to  a  height  great  enough  to  absorb  the  entire  jet* 
The  shot  is  fired  vertically  and  the  penetration  is  determined  by  counting  the 
number  or  plates  completely  penetrated  and  adding  to  this  ths  penetration  into 
the  final  plate.  The  penetration  into  this  last  plate  is  determined  by  cutting 
ths  plate  vertically  in  a  Raoins  hydraulio  cut-off  sew,  Model  30-C  thus  ex¬ 
posing  ths  oross  section  of  the  hols  and  permitting  a  measurement  of  the  depth. 

The  targot  material  most  commonly  used  is  1020  steel.  Purchased  in  quan¬ 
tities  of  fifty  tons  or  store  it  is  possible  to  obtain  an  entire  heat  from  one 
furnace  thus  getting  some  assuranos  that  the  material  ia  metallurgioally  con¬ 
sistent* 

The  plate  is  hot  rolled  to  3"  thickness  and  shipped  to  the  Proving  Ground 
in  sheets*  At  ths  Proving  Oround  the  plates  are  flame  out  into  J"  »  8"  i  3" 
blooks.  Any  slag  present  alurg  the  edges  of  ths  blocks  from  the  outting  is  re¬ 
moved  but  nothing  further  is  done  in  preparation. 

The  oost  breakdown  for  the  preparation  le  given  on  a  "per  block"  basis  and 
the  coat  of  eaoh  target  with  the  penetration  determined  is  listed  later* 

fabrication  Post  (per  blook) 

Material  11.44 

tabor  *36 

Supplies  (aoetylene,  oxygen,  eto*)  *19 

Total  fsbrioation  oost  per  blook  11 .98 

Cost  of  Baoh  Target  (Average  of  6  blooks  per  ahot) 

five  blooks  0  |1.98  por  blook  f  9*90 

Cutting  lest  blook  to  determine 
penetration  «6S 

Total  oost  cf  target  per  shot  |16."4& 

The  blocks  are  out  at  the  rate  of  5  per  hour  or  about  30  to  36  per  day. 

It  hse  been  suggested  by  Mr*  Roe  of  the  bjorkaten  Research  Laboratories 
that  the  us,,  of  rowd  stock  to  make  cylinders  which  wn.id  be  fired  into  c  .ally 
era  more  economical.  A  oylindrioal  target  of  3"  round  stock  16*  long  equivalent 
to  the  steoked  blook  target  would  oost  110.68  based  on  costs  at  Aberdeen  Proving 
Oround.  The  expense  of  determining  the  penetration  wruld  increase  tr.e  cost  to 
well  over  $11.00* 

He  cavings  of  either  time  or  money  is  indicated  oy  these  figures.  Ade¬ 
quate  facilities  fer  cutting.  i*,dng  and  handling  large  quantities  of  steel 
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piste  are  already  available  at  Aberdeen  Proving  Ground  and  this  fact  contributes 
strongly  to  the  low  level  of  the  coat.  At  other  installation*  where  such  equip¬ 
ment  ia  lacking  it  nay  be  necessary  to  resort  to  other  types  of  targets  such 
as  steel  cylinders* 

In  the  light  of  the  above  data  no  change  is  contemplated  for  the  target 
•truotisr*  presently  used  at  the  Bsllistie  Research  Laboratories* 


ABSTRACT  OF  PAPER 


Presented  By 
L.  A,  ROE 

BJORKSTEN  RESEARCF  LABORATORIES 
At 

THE  SEVENTH  MEETING  OF  THE  ORDNANCE  CORPS 
SHAPED  CHARGE  RESEARCH  AND  DEVFr.OPMENT 
STEERING  AND  COORDINATING  COMMITTEE 

Watertown  Arsenal,  July  26,  1955 


USE  OF  STEEL  BILLETS  .AS  TARGETS  IN  THE  EVALUATION  OF 
THE  PERFORMANCE  OF  SHAPED  CHARGES 


This  paper  descriKes  the  adoption  of  round  steel  billets,  10  to  20 
inches  long  and  5  inches  in  diameter,  &■*  target  material  in  place  of  one-inch 
thick  mild  steel  plates.  The  work  was  performed  under  a  contract  from  the 
Ordnance  porps,  Picatinny  Arsenal,  All  static  firing  testa  were  made  with 
the  90  mm  T108E40  HEAT  shell. 

Following  the  recommendations  of  the  sponsor  we  first  used  5  x  5  x  1-inch 
thick  mild  steel  plates  as  target  material.  It  was  soon  realised  that  the  handling 
operations  involved  with  the  thousands  of  plates  required  in  our  tect  program 
would  be  very  costly.  Therefore  io  obtained  some  steel  billets  20  inches  •  ■ 
and  5  inches  wide  in  diam.-ter,  rhe  billets  were  Special  Bar  Quality  C~10i8 
steel,  showed  Rockwell  hardnesses  of  £7  to  70  and  weighed  about  114  pounds  each, 
When  the  first  static  firing  tests  were  made,  if  was  found  that  about  200%  more 
shot*  could  be  made  during  a  given  time.  Also,  time  was  saved  in  numbering 
plates,  storing  target  material  and  in  measuring  tne  volume  -i  Un  hole  produced 
by  the  Jet,  The  cost  per  pound  of  billets  was  less  than  that  of  platen  when  small 
lots  of  a  few  hundred  pounds  wcr»  onsidtred.  Later  quotations  on  quantities  ot 


40,000  pounds  or  over  showed  similar  costs  per  pound  of  plates  or  billets.  A. 

July  21,  1955  quotation  from  Central  Steel  &  Wire  Company,  Chicago,  Ill.  gave 
$5.^0  per  hundred  pounds  of  5"  diameter  H.  R.  ''-1018  SSQ  steel.  Plates  of  the 
same  quality  steel  were  quoted  at  $5.50  p«i  ..undred  pounds.  These  are  mill  pri-.es. 
Costs  of  cutting  were  a t  follows: 

Billet?.  $0.98  for  first  cut,  each  additional  cut  @  $0.60  each. 

Plates:  Saw  cutting.  First  cut  <§  $0,75,  each  additional  cut  @  $0.24  each. 

Flame  cutting  would  be  considerably  less  than  saw  cutting  of  plates. 

The  20-inch  long  billot*  were  difficult  to  handle  and  future  tests  will 
be  made  on  10-inch  lengths  which  weigh  about  5?  pounds. 

Depth  of  penetration  is  obtained  by  taking  a  rough  measure  by  inserting 
•  wire  <u  the  hole  and  cutting  off  the  billet  at  that  point.  Then  the  bottom  of  the 
hole  is  drilled  for  exact  depth  if  measurable  quantities  of  copper  are  present. 

It  was  noted  that  much  leas  copper  was  found  in  the  billets  than  was  found  in  the 
plates.  This  observation  may  be  related  to  the  fact  that  an  orange-red  column 
ox  flames  was  noted  when  billets  were  used  in  static  firing  tests.  No  flames 
were  visible  when  plates  were  used. 

The  conclusion  we  have  reached  concerning  plates  versus  billets  is 
that  billets  are  preferred  when  one  type  of  round  is  being  tested.  If  several 
types  of  rounds  are  under  investigation,  then  the  first  8  or  10  inches  of  the 
target  should  be  a  one  pier*  billet  while  the  balance  may  be  one  or  two  -to'’' 
steel  plates. 

BJORKSTEN  RESE*biCH  1A  BORA  TORIES 
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Current  Y.'ork  on  the  Nitroso-xialog  (R-ealt) 
of  fcDX  for  Applicatic"  to  Shaped  Charges 

C.  2,  Jacobson 

Samuel  fbltman  Ammunition  Laboratories 
Pica tinny  Arsenal,  Dover,  N.J. 
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Pic&tinny  Araenal  tins  been  working  tej  the  past  year  on  development 
of  the  nitroao -analog  of  RDX.  The  work  lias  been  directed  toward  pro¬ 
ducing  a  material  of  high  purity  and  acceptable  stability  as  well  aa 
utilisation  of  this  explosive  in  new  castable  compositions  of  improved 
performance. 

R-salt;  cyelotrimethylenetrinitrosamine,  has  3  NO  groups  as  compared 
to  R^Xjoyolotriaethylenetrinitraudne,  which  hns  3  NOg  groups.  R-calt  is 
relatively  cheap  and  simple  to  manufacture  using  ammonia,  formaldehyde, 
sodium  nitrite,  water  or  ice,  and  a  strong  mineral  acid.  It  has  a  malt¬ 
ing  point  slightly  over  100°6  and  a  sensitivity  to  Impact  approximately 
the  same  as  TNT.  However,  it  has  20  to  30  percent  more  power  than  TNT 
in  such  tests  as  the  spherical  lead  block  and  ballistic  mortar.  More 
Important,  probably,  is  the  faot  that  R-salt  will  dissolve  from  1$  to  2 
times  its  own  weight  of  RDX. 


One  R-salt  composition,  deaig’iated  as  Mixture  No.  38,  has  been 
studied  for  its  use  in  shaped  charges.  Mixture  No.  T8  has  a  heat  sta¬ 
bility  slightly  better  then  the  50/50  Pentolits  used  daring  World  War 
XI.  Its  sensitivity  to  impact  value,  obtained  on  the  ftireau  of  Mines 
Apparatus  (5-kg  weight,  100  jests,  50  percent  point),  was  24  cm  as 
compared  to  1?  cm  for  Composition  B,  Mixture  No,  'jS  has  the  following 
compositions  70  percent  RDX,  27  percent  R-sa.lt,  2, 5  percent  phenanthrene, 
and  0. 5  percent  2-nit rodiphenylamine.  The  phenanthrene'  is  present  as  a 
malting  point  depressant,  the  2-nltrodiphenylamine  As  a  stabilizer. 

Tha  quantity  of  R-salt  available  was  email  so  the  tests  for  evalua¬ 
tion  of  Ittature  No,  38  were  cf  necessity  limited. 


Rate  of  detonation  sticks,  trade  of  convolute  wound  boxboard  tubes, 
ign  long,  1"  ID  And  l/8n  will  thickfioes,  were  loaded.  five  sticks  were 
leaded  with  Ccsapositicn  B  and  J  with  Mixture  No,  38*  Rates  of  detona¬ 
tion  in  ms  ter e  per  second,  obtained  &'  rotating  drum  namera  were  as 
follows J 


Composition  B 

7600 

7660 


Mixture  No.  38 

S0?0 

8190 
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Composition  B 

7740 

7760 

7760 


'ilxture  No.  38 
8520* 


*ThJ.s  figure  wee  read  iron  a  poor  trace  and  should  be  discarded* 


One  90  mm  U71  HB  Shell  loaded  with  Composition  B  and  another 
with  Mixture  No.  38.  Both  shell  were  buried  in  sand  and  initiated  with 
a  modified  U%  fuze.  The  Composition  B-loaded  shell  produced  2340  frag¬ 
ments  j  the  Mixture  No.  38-loaded  shell,  2/716  fragments.  lbs  increase 
was  fairly  well  distributed  over  the  entire  rajige  of  different  sized 
particles. 

five  shaped  chargee  were  loaded  with  Composition  B  and  5  with  Mix¬ 
ture  No.  38.  Tbs  astal  parts  uead  tiers  a  copper  cone  from  the  T205 
3.5-inch  HEAT  Socket  Head,  machined  to  a  *070n  £  .001"  well  thickness, 
silver  soldered  in  a  10H  long,  3.175"  2),  .06 5”  wall  thickness,  staal 
cylinder  or  tube.  The  charges  were  fired  by  means  of  1.5"  diameter 
tetryl  pellets  and  U.3.  Army  Type  II  Special  Blasting  Capa  into  stacks 
of  ?  x  5"  x  1"  mild  steel  plates  (Brinell  hardness  -  116}  at  a  stand¬ 
off  of  7a"  •  The  following  penetrations,  in  inches,  were  obtainedi 


SmasttlstLS  HrtMa.JteiJg 

14.7  15. 5* 

17,2  16.8 

19.9  1?.?" 

20,5  1^.5 

22*2. 

Averaga  18.55  W»r.Q 

5iu  Dev  2»56  2/0?, 


*Theae  2  charges  were  loose  in  the  cone-cylinder  assemblies. 

All  of  the  shaped  charges  loaded  with  Mixture  Ho.  35  were  clipped  around 
the  periphery  and,  as  noted  above,  two  of  the  explosive  charges  were 
loos*  in  the  met-al  parts  assemblies. 


All  of  tbs  above  loadings  were  made  by  a  single  pour  method.  The 
Mixture  Ho.  38  was  poured  at  approximately  92°C  arid  set  at  8  jPC.  Densi¬ 
ties  of  1.63  ga/co  snd  1.6?  gs/c-  wrs  obtained  for  Compos! t« an  Hand 
Mixture  No,  38,  respectively.  Radiographs  of  the  loaded  items  showed 
consid-rsble  cavitation  indicating  that  the  loading  method  needed  modi¬ 
fication.  The  iU-rr;  were  tested  in  spite  of  the  cavitation  0- ..auae  so 
little  of  the  h  -st.it  '-as  ava-  --hie. 
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It  was  concluded  from  the  i-" -Milts  obtained  that  R-salt  compos- ti  bs 
wore  definitely  premising  but  that  further  development  work  was  necessary. 
Two  results  of  this  work  have  already  been  produced.  One  is  that  the 
heat  stability  of  R-salt  has  been  improved  by  re  crystallizing  the  mate¬ 
rial  from  boiling  Instead  of  merely  hot  iso&oyl  alcohol.  The  second  re¬ 
sult  has  been  a  new  composition,  designated  as  Mixture  No.  59.  This 
consists  of  70  percent  RDX,  27  percent  R-salt,  and  3  percent  2-nitrotri- 
phonylamine.  The  2-nitrotriphenylamine  has  been  found  to  be  a  more 
effective  stabilizer  l»an  2-nit rodiphenylamine  and  also  acts  as  a  melting 
point  depressant,.  Mixture  Ho.  59  can  be  cast  at  96°C  and  sets  at  85°C. 
Its  Impaoi  sensitivity  value  is  30  cm  as  compared  to  the  previously 
mentioned  24  cm  value  for  Mixture  No.  38.  It  is  planned  to  evaluate 
Mixture  Ho.  59  in  a  manner  similar  to  Mixture  No.  38  as  soon  as  suffi¬ 
cient  R-aa.lt  becomes  available. 

Aluainiaad  compositions  containing  R-salt  also  a.  ,  being  studied. 

One  of  tho  composition:'  containing  56  percent  RDX,  27  percent  R-ealt,  14 
percent  (6-sdcron)  aluminum,  and  3  percent  2-nitrotriphenylamine  has 
been  calculated  to  be  166  percent  as  powerful  as  TNT.  This  composition 
pours  saslly  and  yiolds  a  satisfactory  oevity-free  cast. 

When  KMX  has  bam  subatitutad  for  RDX  in  Mixture  No.  59,  the  compo¬ 
sition  ia  more  difficult  to  pour  but  when  cast  yields  charges  of  seeming¬ 
ly  higher  mechanical  strength  (difficult  to  break  up  by  hand  or  even 
'using  a  leather  mallet). 

further  work  is  planned  M  the  R-salt /RDX  compositions,  R-aalt/HMX 
c ocpoaltlona,  and  aluminized  compositions,  but  the  effort  new  is  on 
R-aalt/RDX  compositions  because  funds  are  insufficient  to  perform  all 
the  work  simultaneously. 
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T7!B  EFFECT  OF  SHAPED  CHARGES  AT  LGHG  SIVA  DOFF  AGAH'iS?  AIRCRAFT 


F..  G,  S.  Sewll 
L.  !I.  Cosnex 
J.  Pearson 

Warhead  Research  Branch 
Applied  Research  Division 
Propellants  &  Explosives  Department 
U.  S,  Havel  Ordnance  Test  Station 
Chin)  Lake,  California 


ABSTRACT 


The  Naval  Ordnanoe  Test  Station  is  continuing  the  in¬ 
vestigation  of  the  effeots  of  shapod  charges  at  long  standoff 
agtkihst  aircraft  struoL'.irest  The  damage  mechanisms  are  de- 
ficribed»  end-  aht'attempt  is. made  to  explain  the  processes 

.plosions*  The  results  of 

recent  firiugS’ against  airoraft  structures  prove  conclusively 
.that  sha^S '^ar^s^cantproduo*  immediate  or  K-type  kills 
against  Jbdmbs^.style  air.ora^'by  means  of  vaporifio  ex¬ 
plosions*  ^(Pidtureiiv.iifre:  eliminated  from  the  report  to  fa¬ 
cilitate  publication.) 

1  ,'r* 


The  U.-3.  Naval  Ordnancp  Test  Station  haa  pioneered  the  study  of  the  ef¬ 
fects  of  shaped  "charges  at  long  Standoff  against  aircraft  structures  (Ref.  ,l). 
While  none  of  the  current  aircraft  missiles  are  using  operational  shaped  charge 
warheads  as  yet,  the  work  conducted  at  the  Naval  Ordnance  Test  Station  has 
aroused  the  interest  of  irissilo  designers  both,  in  this  country  and  abroad,  and 
promises  to  produce  practical  warheads  which  will  have  a  good  immediate,  o"  K  ■ 
type,  ld.ll  probability  at  distances  of  100-ft,  or  aero. 

In  general,  there  are  two  primary  damage  mechanisms  vMt  act  to  produce  a 
shaped  charge  kill.  They  are  (1)  perforation  by  a*  jet  of  high  and  hyper  ve¬ 
locity  particles  and  (2)  vaporific  explosions <  The  types  of  damage  produced  by 
the  two  mechanisms  arc  quite  distinct.  The  perforating  Jet  produces  holes  in 
the  structure  while  the  vaporifio  or  "Rinehart*  effect  produces  damage  i  mly 
by  internal  blast.  Which  damage  mechanism  will  bo  primarily  operative  in  a 
given  ease  will  depend  on  such  factors  as  the  shaped  charge  size,  cone  geometry 
and  material,  standoff  distance,  and  elevation. 

Shaped  charges  which  can  produce  perforation  damage  can  also  usually  deto¬ 
nate  boob  loads.  Aside  from  w.tb  detonation,  however,  the  perforation  type 
damage  mechanism  beco:,e3  important  as  a  K-kill  producer  only  when  the  sire  a.nd 
density  of  the  f ragm- nt  jot  i3  sufficient  to  produce  an  entrance  hole  with  a 
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diameter  which  is  significant  when  compared  to  the  linear  dimensions  of  the 
target.'  Perforation  damage  is  the  primary  damage  ncchanism  for  shaped  charges 
cade  .with  steel  or  copper  liners,  and  is  active,  although  not  necessarily  the 
primary  damage  mechanism,  for  shaped  charges  with  zinc  or  aluminum  liners. 

The  vaporific  explosion  exhibits  many  of  the  ssmo  characteristics  as  the 
detonation  of  a  high  explosive  charge  inside  the  aircraft  structure.  Separate 
aircraft  subjected  to  the  two  types  of  damage  both  show  the  effects  of  internal 
blast.  Structural  failure  mechanisms  appear  to  b,;  the  same  in  both  cases.  In 
addition,  both  the  vaporific  explosion  and  the  detonating  explosive  demonstrate 
a  aharp  ant-off  in  the  damage  produced  as  the  size  of  the  charge  is  varied. 

That  is,  as  the  charge  size  is  increased  the  resulting  damage  remains  fairly 
mihor  until  a  critical  size  is  reached  at  which  point  the  damage  becomes 
catastrophic. 

The  shaped  oharge  damape  cut-off  i3  shown  by  the  effeots  of  a  series  of 
scaled  shaped  oherges  with  aluminum  oones  fired,  at  60°  obliquity  and  60  ft. 
standoff  against  eft  fuselage  sections  of  B-29  bombers.  A  4i-inoh  diameter 
shaped  oharge  produced  only  minor  to  negligible  damage  of  the  perforation  type. 

A  6-inoh  diameter  oharge  produced  minor  damage  similar  in  a-  pesranco  to  that  of 
the  ssMlIer  pKar^;  but  with- a  hole  diameter  about  2jr  times  as  great.  A  7^-inoh 
diametw'-oh'arke  .tlmoat  produced  «  K-kill  with  the  appearance  of  vaporific  damage. 
An  Sjhdneh  diameter  oharge  produced  an  obvioua  K-kill  by  mans  of  extensive 
vaporific:.  bli»tr  damage  . 

Seyeral  attempta  hay^>-  been  made  to  explain  the  vaporiflo  damage  mechanism, 
hirfcapf  'ttje  'Mst  cdmmohly.  accepted  explanation ’has  been  that  the  blast  effect 
produced  by  vapbrifibs  was  the  result  of  the  burning  of  the  aluminum  from  the 
aireraftras  wellvaa  'theTbhrn'Sng- pf  the  shaped  oharge  liner  material.  Another 
explication:  pert  forth  -by  T*  TTiffett  in  ah'  as  yet  unpublished  work  (Ref.  2) 

damage  whioh  would  be  proportional  to  the 
energy'  of '"the",  iiipahtiiig-'particle,-  end- inversely  proportional  to  the  volume  of 
the  enoloaure,  with  modifications  for  the  venting  and  the  initial  pressure  in 
the  enclosure. 

Neither  of  these,  approaches  fully  satisfies  the  date  obtained  from  the 
.  actual  teste  although  Triffet's  approach  is  quite  good  under  certain  condtti--  . 
While  burning  aluminum  can  release  a  large  amount  of  energy,  the  concL*.  - 
which -prevail  during  the  time  that  the  damage  is  produced  do  not  o.;.,pear  x<. 
permit  sufficient  oxidation  of  the  aluminum  to  take  place.  Furthermore,  the 
burning  which  occurs  is  carried  on  over  such  a  relatively  long  period  of  time 
that  it  would  not  produce  the  explosive  style  damage  that  is  observed.  The 
damage  produced  by  yaporifics  occur.,  so  rapidly  that  the  vesting  of  the  voluje 
makes  little* or  no  difference.  For  example,  in  the  *.owe  of  several  fuselage 
shots  with  8  inch  diameter  charges  the  structural  kill  was  well  underway  before 
the  effects  of  venting  could  possibly  be  felt. 

A  more  comprehensive  approach  seems  to  be  one,  which  though  it  may  hav-j 
considered  at  an  earlier  date,  appeals  to  have  been  passed  over  in  favor  of  the 
eoal-ustion  hypothesis.  Namely,  that  the  primary  mechanism  active  in  the  vaper- 
ifio  effect  is  tK  rapid  tT  formation  of  the  kir-stic  energy  of  the  jet  into 
more  random  energy  of  the  target  fragments  and  the  broken  jet  fragments  afte»’ 
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inpact.  At  first  glares  this  may  appear  similar  to  the  hypothesis  proposer,  ty 
Trifferc,  There  i3  a  considerable  difference,  however,  since  the  damage  depends 
not  on  the  energy  of  the  impacting  particle  but  on  the  amount  of  energy  captured 
from  the  impacting  particle  and  .redistributed  in  the  test  enclosure. 

The  process  is  visualised  as  occurring  in  the  following  steps.  First,  the 
impacting  particle  strikes  the  target.  b..,:cnd;  depending  on  the  materials  of 
the  target  and  of  the  particle,  the  particle  yields  some  of  its  energy  to  the 
target.  This  results  in  a  mass  of  secondary  particles  b^ng  released  from  the 
back  of  the  target.  The  impacting  particle  may  also  break  into  very  small 
pieces  which  will  oontinue  into  the  target  volume.  Third,  the  above  situation 
creates  a  region  in  sp; ;e  which  contains  a  large  number  of  particles  that  ore 
traveling  at  a  lower  velocity  than  the  particles  in  the  jet  which  are  following. 
Fourth,  the  next  partioles  strike  the  particle  infested  region,  break  up,  and 
yield  their  energy  to  this  fragment  cloud.  And,  lastly,  the  above  process 
continues  until  an  explosive  expansion  occurs. 

As  can  be  seen,  the  vaperifio  damage  will  be  dependent  on  the  liner  ma¬ 
terial,  the  target  material,  and  especially  on  the  energy  of  the  impacting  jet. 
The  most  desirable  jet  material  would  be  ono  whioh  would  shatter  on  impact, 
releasing  a  large  portion  of  its  kinetic  energy  to  the  random  motion  of  the 
partioles  in  the  fragment  oloud,  From  the  delivery  standpoint  it  would  be  very 
desirable  to  have  the  material  stay  together  until  it  impacts  tho  target,  Theso 
are  conflicting  desires,  but  they  are  satisfied  quite  roll  by  aluminum  which  has 
outperformed  other  liner  materials  in  almost  all  toots  involving  vaporifios. 

The  order,  pf  performance  of  various  liner  materials  which  have  been  tested 
f its  both  the  combustion  and  tho  energy  capture  hypothesis,  for  the  materials 
tested*  which  broke  up  readily  on  impact  were  also  chemically  active  when  dis- 
persed  as  fine  partioles  in  air.  Several  of  the  commonly  used  liner  metals  in 
their  order  of  descending  ability  to  produce  vaporific  damage  are  aluminum, 
atuel.  and- popper*  Zina  can  be  rated  at.  equal  to  or  superior  to  aluminum  under 
certain  limited  conditions. 

The  order  of  the  same  materials  for  their  retention  of  ability  to  cause 
perforatioh  style  damage  as  the  standoff  is  increased  is  the  reverse  of  the 
order  for  vaporific  damage,  copper  being  the  best.  Zinc  definitely  falls  at 
the  bottom  of  the  list  for  this  latter  series.  The  ainc  particles  in  the  sh'  "u 
charge  jet  are  so  fine  that  tbeir  velocity  is  greatly  decreased  in  p&r.n.w 
through  the  air,  and.  at  long  standoff  very  little  of  the  liner  material  reaches 
the  target. 

The  long  standoff  effectiveness  of  a  shaped  charge  appears  to  increase  with 
altitude  up  to  some  limiting  value  at  whioh  point  the  dant,;.  levels  off  ami 
remains  fairly-  constant.  Results  obtained  in  the  Naval  Ordnance  Test  Station 
Controlled  Atmospheres  laboratory  using  small  shaped  charges  with  aluminum  cones 
end  decreased  chamber  pressure  to  simulate  high  altitudes  indicated  What,  in 
general,  the  degree  cf  damage  increased  markedly'  up  to  altitudes  of  about  35,C°0 
ft.  and  remained  heavy  up  to  116,000  ft.,  the  highest  simulated  altitude  used 
(Ref.  3).  The  validity  of  extending  the  results  of  these  experiments  to  full 
scale  situations  is  soruwhat  queaMorable,  but  the  trend  of  increasing  ef¬ 
fectiveness  up  to  some  "plateau  altitude"  would  seem  valid. 


3U6 


CONFIDENTIAL 


GONFIDEVTT.lL 


The  question  of  which  mechanism  or  combination  of  mecK„..  eas  is 
responsible  for  the  vaporifio-  explosions  produced  L,  j^.upec  charges  at  long 
standoff  is  an  interesting  and  important  problem,  however,  regardless  of  what 
explanation  is  finally  accepted,  the  results  of  the  recent  experiments  are  still 
valid  and  of  considerable  importance  to  unose  involved  in  the  design  end  evalu¬ 
ation  of  guided  missile  warheads. 

Probably  the  most  significant  single  finding  of  the  recent  shaped  charge 
tests  conducted  at  the  Naval  Ordnance  Test  Station  is  the  fact  that  vaporifio 
explosions  can  produoa  a  K-kill  to  bomber  style  aircraft.  This  finding  removes 
"vaporifio  damage "  from  the'  category  of  a  bonus  effect  in  damage  evaluation  to 
one  of  primary  5’sportano*. 

The  other  finding  which  should  help  to  clear  up  some  of  the  thinking 
cbaoerning  the  use  of  shaped  charges  at  long  standoff  against  aircraft 
structures  is  that  the  extent  of  the  vaporifio  damage  appears  to  be  directly 
related  to  the  energy  captured  from  tho  shaped  charge  jet  by  the  target  volume. 
This  indicates  that  A  small  shaped  oharge  of  any  type  currently  oonceived  can¬ 
not  produce  a  K-kill  by  a  vaporifio  explosion  even  at  short  standoff. 

Tests  now  in  progress  at  the  Naval  Qrdnanoe  Test  Station  and  tests  planned 
for  the  near  future  should  make  clear  the  relative  importance  of  the  various 
mechanisms  which'  are  active  in  producing  vaporifio  explosions.  As  :lntereat  in 
the  larger  anti-aircraft  guided  missiles  increases,  the  usefulness  and  applica¬ 
bility  of  shaped  charges  for  producing  X-kllls  at  long  standoff  becomes  of 
increasing  importance  and  interest* 
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Brief  periodical  sunaaries  of  progreen,  statue  of  research  programs, 
or  transactions  of  ccaalttees,  are  welcomed  from  installations  in  this  and 
direotly  related  fields  of  endeavor. 
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PTCA'iTNNY  ARSEliAL  SHAPED  C5A«3E  COMMITTEE: 
ABSTRACTS  OF  PROCEEDINGS,  FIRST  HALF  OF  1355 
C.  G.  DuD’.f-le 

Samuel  Feltman  Ammunition  Laboratories 
Picatinny  Arsenal  Dover,  Rev  Jersey 


It  was  recently  suggested, > that  from  the  Abstracts  of  recent  Minutes  of 
the  Picatinny  Arsenal  Shaped  Charge  Committee,  Information  of  general 
Interest  and  applicability  be  published  here.  This  review  covers  the  three 
meetings  of  the  committee  held  id  February,  15  April  and  15  June  195?*  It 
Is  believed  that  such  a  review  not  only  avoid*  much  repetition  but  alao 
show*  the  progress  of  the  various  projects  concerned  better  than  can  indi¬ 
vidual  abstracts. 

The  following  statements  may  sumarlce  briefly  the  status  of  shaped 
charge  research  and  development  at  the  end  of  1954* 

1.  Improvement  In  lnUrcomunicatlon  among  workers  In  the 
field  and  dissemination  of  new  data  to  the  engineer  Is  shown 
by  vldsr  distribution  of  publications  and  reports,  and  by  tbs 
implementing  of  a  Joint  development  program  with  Frankfoxd 
Arsenal  and  BKL. 

2.  llimiurt^bn  of  defects  In  tht  liner,  in^vement  of 
Its  basic  dsslfc&y  and  understanding  of  the  significance  of 
lte  metallurgical  atruotuie  have  so  far  advanced  that  further 
progress  demand#  improvement  of  the  explosive  charge.  Diffi¬ 
culties  In  fusing  have  been  so  fa*  overcome  as  to  reveal 

the  potential  superiority  in  penetration  by  ballistlo  rounds 
due  to  their 'translational  velocity. 

3*  The  explosive  charge  has  been  Improved  through  deter¬ 
mining  sources  of  nonunifomlty,  developing  loading  methods 
to  eliminate  them  and  applying  new  techniques  to  chape  the 
detonation  wave  for  greater  efficiency.  Progress  has  been 
aade  In  applying  tb»  release  wave  theory  to  this  study. 

4.  Sevelopmeut  of  defenses  against  th?  shaped  charge 
jet,  both  passive  and  active,  bus  been  expedited.  Study  of 
shock  wave  Interaction*  and  5xperiat.it  with  liquids  have 
thrown  light  on  th*  unique  resisting  power  of  certain 
materials. 

The  information  reported  at  the  meetings  of  the  committee  during 
the  first  half  of  1955  showed  progi’ee.s  in  all  four  of  the  foregoing  phases, 
end  is  reported  in  sections  numbered  to  correspond. 
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1.  •  Dissemination  cf  new  uata.  The  Arthur  D.  Little,  Inc.  Bhaped 
charge  literature  review  was  given  considerable  attention.  The  f'rst  progr-.-ss 
report  under  the  contract  represented  ;he  first  attempt  to  present  their  find¬ 
ings  in  a  logical  and  orderly  fashion.  The  members  of  the  Ordnance  Corps 
Shaped  Charge  desearch  and  Development  Steering  and  Coordinating  Committee, 
however,  found  it  inadequate,  possibly  because  it  covered  earlier  papers  in 
which  information  vas  far  less  completely  reporter,  than  in  recent  ones.  The 
impression  was  general,  at  the  January  meeting  of  the  committee,  that  ADL 

was  doing  the  same  kind  of  work  as  the  Library  of  Congress  and  Michigan  State 
'College  In  ti*s  preparation  of  their  bibliographies.  The  contractor  had 
taken  measures  to  coordinate  effort  with  these  agencies.  The  comaittee  sug¬ 
gested  further  means  of  avoiding  duplication  and  improving  the  ADL  output. 

The  contractor  now  appears  to  be  approaching  the  original  intention,  to  carry 
the  work  4  step  beyond  the  stage  of  abstracting—  to  break  the  abstracts 
•part  » si:  rearrange  the  data  in  a  logical  pattern,  much  the  same  as  the  indi¬ 
vidual  anginas*!  would  have  .to  do  for  hiMelf  in  utilising  the  literature. 

Data  from  fii'lng  racoirde  at  APO  were,  recorded  la  a  series  of  tables  In  which 
the; descriptions  of  the  various  parameters,  such  as  liner,  charge  and  target, 
f«MM:  ed]^|)>9ftdlng«?  Sows  . of  the  data  previously  recorded  In  abstract 
fom  hav«>ha«t;;raarrMted  in  similar  tables.  Listed  thus,  it  is  easy  to  see 
themanygepa  la  the  lufowatlon  generally  provided  by  reports. 

ADaostvaever^tias.  the  attempt  to  wary  only  one  parameter  at  a  time  in 
ekaped  charge  .ab^ifiiieaia  succeeded*  to  often  a  variable  not  known  to  ba 
Important  baa  -been'-  Ignored.  Stia  detracts  from  the  value  of  much  of  the 
older  wor*.  The.  gape  In  our  information  aay  well  serve  as  guides  for  future 
vortti  '■*' 

2,  Xwproyeasnt  of  metal  parte.  Much  attention  la  given  to  a  type  of 
liner  fabrication  process  know  aa  spinning,  automatic  spinning,  shear  form¬ 
ing,  rotary  extrusion,  flotun.,  etc.  It  gives  tolerances  which  are  very 
clone  and,  while  alb  closer  than  possible  with  drawn  liners,  gives  them  auto- 
mticdly.  While  not  aa  cheap  as  deep  drawing  for  making  liners  by  the  mil¬ 
lion,  it  appear*  ideal  for  turning  out  lucdified  items  in  small  lots  for 
.s-vela^eeat  purposes  and  Is  wary  versatile.  D  of  M  and  drawings  for  making 
the  is  'floWtO  by  this'  process  haws  been  purchased,  A  Lodge  and  Shipley 
Automatic  spinning  machine  has  been  ordered  for  this  Arsenal.  Proposals 
for  a  feasibility  study  of  the  process  wore  evaluated  here  for  QAC. 

Also,  knowledge  of  ths  effect  of  shear  forming  on  rotation  compensation, 
and  development  of  procedures  to  measure  this  very  important  effect,  are 
epugh|v  yirestohe  le  trying  to  correlate:  optimum  rotation  rate  with  the 
corresponding  manufacturing  panjmters  or  the  liner.  The  exact  mechanism 
of  the  effect  la  proving' difficult  to  "nail  dova“.  While  large  plastic 
deformation  can  be  given  s  metal  bar  by  merely  twisting,  it  seems  t.  oe  of 
a  different  kind  from  that  imparted  by  automatic  spinning.  When  Eastern 
Tool  deep-drawn  copper  liners  vers  given  a  spinning  pass  In  a  lathe,  they 
provided  no  compensation  at  -ill,  whether  annealed  or  not.  Here,  of  course, 
the  effect  was  confined  to  the  eurface,  but  apparently,  so  in  the  property 
ifcs.t  gives  '■built-in"  rotation  compensation  in  shear-.-. or««d  liners.  Tho 
part  of  •'•he  operation  at  Craft  which  Is  responsible  for  their  better  quality 
liners  may  not  be  the  a  pinning,  out  the  final  coining  operation. 
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That  metallurgical  structure  can  affect  the  jet  la  ehovn  definitely  by 
experiments  with  line  s  made  from  single-crystal  al'uiinum.  Such  liners 
appear  to  give  bifu,  cation  if  the  1-1-0  dire.ti  <•  is  aligned  along  the  cone 
axle,  none  if  the  1-0-0  io  so  aligned,  wid  jxu-ti  1  bifurcation  in  inter¬ 
mediate  alignments .  Machining  breaks  up  the  single-eryctal  structure  only  at 
the  surface. 

Progress  continued  in  rotation  compensation  with  fluted  liners  cud, 
equally  lnrr-i-cant,.  in  making  elaetrodeposited  dies,  for  impact  extrusion  of 
such  liners,  that  euund  up  in  production.  Penetration  of  8"  with  57  mm 
cones  has  been  obtained  at  rotation  cpeed*  of  150-200  rps.  Results  with 
75  so  cones  It  Carnegie  Tech  indicate  that  compensation  oan  be  obtained  in 
this  calibre  at  150  rps,  even  though  the  blanks  ware  not  up  to  standard.  The 
fluted  liner  is  definitely  oapable,  if  designed  properly,  of  giving  good  peno 
tration  at  its  designed  spin  nits.  Recent  firings  in  the  il38  with  fluted 
liners  also  confirm the  superiority  noted  la  the  iQbb  firings,  of  ballistic 
over  static  founds  in  penetration,  niainatlng  the  possible  effects  of  all 
other  factors  leaves  a  difference  of  8"  still  to  be  accounted  for. 

,  .  Fluted  liasfs  vitk  index  angles  from  3°  to  H.5°,  although  apparently 
■'§#04  .dtssnsiqrslly,.'altaaf  gave  poor  peaatvatioaa  or  failed  completely  to 

Index  ugisto  about  5°  would  take  the  design  to 
a  xsgioa  vhare  optiiasi  rata  is  leas ' sensitive  to  small  changes  in  this  angle, 
butter*  -  theft  ieless'leeway  for' variation  in  flute  depth.)  Further  ela- 
bofatien^of- shook  vtkeory.  asapplied  to  rotation  compensation  appears  neces¬ 
sary  to :«>qplnin -  the ' effect  of  index  angle. 

Mor*  with  tbsdouble-asgl*  liner  continued.  It  has  definite  poeeibili- 
for :viids'. nppliestiiBih,  "andchas^bssn 'tried  in  tbs  1830  sad  the  3.5" 
rocket  iNads^^vajedil^-'r^^c  For  instance,  at  Carnegie  Tech  soon  lots 
of  spun  double-angle  liners  worn  fount  to  fsUL  off  in  penetration  with  stand¬ 
off  muon  more  than  others.  Ocsbiantioo  of  . the.  double-angle  liner  with  peri¬ 
pheral  initiation  oan  give  seme  very  good  penetrations,  ’’he  large  dlcper- 
sioae  still  encountered  merely  seeat  to  shov  that  nobody  has  been  snort  enough 
to  use  tbs,  offset  properly.  Jet  velocity  measurements  by  flash  radiograph 
st  Osrnegie  Tech  hss  shown  no  sharp  change  in  the  jet  due  to  the  break  be¬ 
tween  the  two  angles*  A  triple-flash*  X-ray  system  designed  for  studies  at 
$hi§  nature  has  been  eet  up  at  this  Arsenal. 

Matil*  cast  iron  liners  in  the  3$"  rocket  bead  gave  7#  of  the  penetre- 
tion  obtained  with  copper  liners.  Fragments  vtra  fejaud  in  every  firing. 
Instead  of  a  compact  slug. 

•;./  ■'  Modification  of  75  mb  MQ10A1  BEAT  Shell  by  removing  :.as  shoulder  from 
tte  inside  of  the  ease  iwjyrtwed  penetration  slightly,  but-  not  as  such  as 
■  expected. ,  At  Firestone  ttV-ftwriag  easier  and  lees  costly  to  cake  than  the 
tapering  one  used  in  the  cViidard  3*5"  rouni  gtve  slightly  poorer  penetto  ■ 
tions,  probably  because  of  the  co apb&jt  effect  of  the  change  in  end  confine¬ 
ment. 
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At'?ranfcford  Arsenal,  progress  vua  made  In  the  coordinated  liner  metal¬ 
lurgy  program.  Attempts  to  prepare  •  100-lb  batches  by  shell  molding 
encountered  difficulties,  but  a  batch  of  120  -  3^"  liners  was  completed  and 
prepared  for  final  inspection.  Meonarilcal  properties  are  correlated  with 
casting  conditions  In  a  forthcoming  report.  In  powder  metallurgy,  shrinkage 
occurred  during  sintering,  with  appearance  of  crauli  at  the  inside  joint  of 
wall  and  flange,  but  this  problem  has  been  solved.  Electroforming  gives 
'highest  density.  A  new  planetary  gear  will  permit  electroplating  several 
liners  at  one: „  with  vory  good  uniformity  within  the  group.  An  extensive 
program  has  been  initiated  to  coordinate  bath  conditions  with  physical  pro¬ 
perties  of  the  eleotrodepositad  metal.  In  die  casting,  the  present  effort 
stresses  perfecting  of  dimensional  control,  and  overcoming  faults  of  the  dies 
so  at  to  provide  liners  which  will  be  within  the  tolerances  as  cast. 

3*  Improvement  of  the  explosive  charge.  She  program  for  comparison  of 
pressed  and  oas^  explosives  was  completed.  Shell,  106  nn.,  VQUk  were  press- 
loaded  with  A3  to  density  1.65  and  with  RDX  composition  to  densities  in  the 
range  1.66-1.70  for  comparative  penetration  tests  with  cast  compositions. 

Of  the  five  pressed  explosives  tried,  3  give  results  better  and  with  less 
dispersion  than  cast  .com,'  B. 

A,  D.  Little,  Inc.  presses  80/20  HDX/TNT  to  density  ca  1.75  with  about 
the  semi)  eenoitivity  as  Oomp  B.  The  constituents  are  coprecipitated  from 
warm  acetone  solution  poured  into  agitated  cold  water.  Like  hot  pressing  of 
RDX/TOT,  however,  such  methods  are  difficult  in  large-scale  production. 

Deaeration  of  cosv  Oomp  B  increased  its  detonation  rate  one  per  cent. 

On  investigation  of  alternative  methods  of  loading,  particularly  for  Improve¬ 
ment  of  lethality,  Bjorksten  Research  laboratories  suggested  the  following: 
film  technique  for  studying  RBX--OT  distribution,  colloidlng  by  gelation 
agents  to  improve  uniformity,  wetting  agents  to  improve  charge-liner  contact, 
mechanical  removal  of  TNT  crystallizing  on  inner  surfaces,  control  of  crystal 
orientation  by  uce  of  electreta,  and  combination  of  pressure  and  vacuum  cast¬ 
ing. 


R-salt,  the  nltroso-analog  of  RDX,  appears  far  superior  to  TKT  as  an 
additive  to  RDX  from  the  viewpoints  of  both  power  and  sensitivity.  An  evi¬ 
dent  stabiliser  has  teen  developed  by  Arthur  D.  Little,  Inc.  Uhr  uncage  of 
the  R-salt- HDX  mixture  on  solidifying  is  such  less  than  that  of  Oomp  B. 

Difficulties  in  loading  of  shaped  charges  are  being  attacked  by  use  of 
such  expedients  es  a  thin  ring  of  uolid  paraffin,  TNT  or  plastic  around  the 
base  of  the  cone.  In  the  K31  Rifle  Grenade,  however,  such  use  of  TNT  rave 
poorer  penetration  and  wider  dispersion.  Such  a  filler  should  give  a  reason¬ 
able  shock  impedance  match  with  the  explosive.  In  general  the  effect  is  to 
decrease  penetration  slightly  Lut  decrease  variability.  Fueh  expedients 
should  make  no  difference  in  £t  jx.1u  already  loaded  properly  with  HE,  but- 
may  permit-  cast  loading  of  more  powerful  explosives,  too  viscous  to  be  loaded 
properly  without  great  difficulty. 
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T» adem  shaped  cnarges  offer  the  j-»aibiiity  of  deeper  penetrations  ti'»n 
otherwise  possible  within  limitations  of  caliber.  For  larger  calibers,  where 
extreme  depth  of  penetration  Is  not  critical,  ouch  charges  offer  a  possible 
means  of  Insertion  of  Incendiaries,  etc  behind  the  target.  Promising  results 
are  obtained  with  use  of  a  3.5"  T205  HEAT  head  as  the  rear  charge  and  a  90  ran 
T108  head  'swith  the  flash-back  tube)  as  the  forward  charge.  The  intention  Is 
•'that  the  Jet  from  tbs  rear  charge  traverse  the  flash-^ck  tube  of  the  forward 
charge,  and  that  the  slug  Initiate  It.  There  Is  some  evldenoe  of  successful 
double  Initiation,  and  good  frustrations  are  obtained,  but  additivity  Is  not 
conclusively  established. 

Aluminum  body  devices  and  copper  shaping  cones  gave  encouraging  results 
In  firing  tests.  Work  at  Carnegie  Tech  shoved  that  thin  aluminum  Inserts 
do  not  change  the  penetration;  the  Jet  formed  is  aluminum  only  at  the  tip, 
and  penetration  la  the  same  as  with  a  copper  Jet.  The  inserts,  unlike  the 
Brsidenbncb  device?,  perform  in  accord  with  the  simple  theory. 

BRL  has  collaborated  with  PA  on  PART  and  lacrosse.  In  the  latter 
there  is  leeway  for  moving  the  liner  back,  reducing  the  weight  of  HK,  and 
reusing  the  weight  by. addition  of  incendiary  to  the  front  end.  In  the  DART, 
however,  peak  performance  must  be  avieinod  within  forced  weight  restrictions. 
Xn  the  34"  there  is  even  less  room  for  adjustment.  Before  deciding  what 
extra  wight  oan  ba  tolerated,  ve  must  know  better  what  loss  of  performance 
this  means. 

Osrtwgio  Tech  has  developed  a  new  theory  of  crater  formation  which 
predicts  the  relationship  between  fragment  energy  or  velocity,  and  hols 
volume,  for  thin  or  thick  targets.  Arthur  D.  Little,  Inc.  suggest  that 
Raylslgh-TSylor  instability  may  be  involved  in  some  oases  of  liner  collapse. 
They  point  on*-  also  that  momentum  interchange  between  slug  and  Jet  appears 
to  have  a  simple  formulation  in  collapse  of  fluted  liners.  However,  the 
complementary  effect  of  interaction  of  angular  momentum  between  the  explo¬ 
sion  products  and  the  entire  liner  must  be  at  least  equally  important. 

4.  Defense,  lethality,  and  beyond-armor  damage.’  in  further  experi¬ 
ments  with  'liquiu*  at  Oornsgie  Tech,  various  aa  ter  la  Is,  minly  low  duality, 
have  been  tried  in  heavily  confined  cells.  The  density  law  is  followed 
closely- at  densities  above  2,  but  between  this  value  and  zero  the  equiva¬ 
lent  thickness  reaches  a  maximum,  superimposing  a  ’’hump"  on  the  simple 
parabola  representing  accord  with  the  density  law.- 

Special  steel  rod  5"  -  7"  in  diameter  and  ve:.*y  uniform  in  hardness  i«.y 
provide  batter  and  cheaper  targets  than  mild  steel  plates.  Cutting  costa, 
which  are  important,  my  be  comparable . 

At  BRL,  fragment  distribution  from  homologously  sealed  charges  as 
affected  by  rotation  is  being  studied  in  the  attempt  to  develop  a  too  re 
rational  tank  kill  criterio;  ♦h.tn  the  2'  overmatch.  It  cay  be  possible  to 
specify  lethality  requirements  more  intelligently. 
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At  the  meeting  of  the  Ordnance  Corps  Steering  Committee  4  and  5  May, 
penetration  theory  was  discussed  extensively  by  representative  from  the 
Sand  Corp.,  -Convair,  SSL  and  others!  A  report  of  the  proce-J  a  has  been 
submitted  to  this  Journal* 
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TO  THE  EDITOR 


This  section  of  the  Research  Report  is  intended  for  the  publication 
of  brief  discussions  of  current  work  of  interest  and  for  the  announcement 
of  important  new  developments  which  warrant  being  called  to  the  attention 
of  the  other  people  in  the  field. 

Manuscripts  should  be  limiteu  to  600  works  or  less.  The  Editors  and 
the  Editorial  Board  do  not  hold  themselves  responsible  for  the  opinions 
expressed  by  the  correspondents. 


357 


CONFIDENTIAL 


Predicted  Effects  of  Confinement  oi:  Shaped  Charge  Performance*  ** 
R.  J.  Eichelberger 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pennsylvania 


The  one-dimensional  theory  for  confined  explosive  charges  developed 
by  Droesen1  her  ueon  applied  to  shaped  charges  by  moans  of  the  release 
wave  theory,  in  the  seme  fashion  that  the  one-dimensional  theory  for  un»- 
oonfined  charges  was  used  earlier.  The  procedure  is  somewhat  more  compli¬ 
cated  because  of  changes  in  prooedure  required  for  differont  ranges  of 
c/b  (ratio  of  explosive  mass  to  liner  mass).  The  details  are  described 
in  a  formal  reports 

The  results  of  the  calculations  ir.  general  agree  with  the  qualitative 
ideas  developed  intuitively  in  the  past.  Some  of  the  results  are  shown 
in  Figs.  1,  2,  3  and  It,  Figure#  1  and  2  show  the  collapse  velooity  end 
the  jet  velocity,  respectively,  as  functions  of  the  initial  position  of 
-  the  parent  liner  element,  for  H9A1  oopper  cones  of  wall  thickness  of 
0,012$  in,  in  etandard  charges.  Calculations  have  been  carried  out  for 
unoonfined  oharges  and  for  steel  confinement  of  thicknesses  of  1/16,  1/8, 
and  1/lt  inch.  The  plots  indicate  that  the  oonflnement  has  no  effeot  on 
the  jet  formed  by  the  upper  2  1/2  cm,  of  the  cone.  For  the  lower  part  of 
the  oone,  the  collapse  velooity  is  generally  increased  by  increased  con¬ 
finement  thioknensj  with  the  effeot  being  aoro  pronounced  as  one  approaches 
the  bottem  of  the  liner.  Calculations  have  also  been  carried  out  for  liners 
similar  in  ill  respects  exoept  wall  thickness.  Curves  are  shown  in  Figs. 

3  and  It  for  oones  having  wall  thioknese  0,050  inch.  The  notable  feature 
is  that  the  effeot  of  confinement  is  evident  nearer  the  top  of  the  oone  and 
that  the  effeot  is  everywhere  more  pronounced. 

Qualitatively,  one  would  expect  from  these  calculations  that  the  depth 
of  penetration  and  the  penetration-standoff  curve  would  be  very  little  af¬ 
fected  by  the  oonflnement  of  the  oharge.  This  egress  with  available  experi¬ 
mental  data.  On  the  other  hand,  one  uould  expect  considerable  increase  in 
the  bole  volume  with  the  addition  of  confinement,  especially  for  thick  V'Hed 
liners,  and  especially  for  the  part  of  the  hole  formed  by  the  rear  of  the 
jet.  This  is  also  in  agreement  with  ex; erlment.  With  regard  to  the  more 
detailed  behavior  of  the  jet,  one  would  expect  that,  although  the  tolai  depth 
of  penetration  would  be  relatively  unaffected  oy  the  addition  of  confinement, 
the  relative  contributions  to  the  hole  depth  by  various  portions  of  the  liner 
would  be  changed.  Specifically,  me  would  expect  that,  with  increased  con¬ 
finement,  the  bottom  part  of  the  liner  would  contribute  a.  greater  f racoon 
of  the  total  depth  of  penetration*  For  this  reason,  it  seems  likely  that 
details  of  liner  mounting,  quality  of  the  charge  around  the  base  of  the 
liner,  etc.  might  be  more  i*w~t3ni  in  heavily  confined  charges  then  In 
lightly  confined  or  unconfiasd  charges. 


♦♦Received  9  Augunc  19 56 


358 


CONFIDENTIAL 


Veloeixy  (eaptset s)  Goiiapse  Velocity  (cm^avsec) 


CaaiDENTIAL 


Figure  '*  i  Computed  curves  of  collapse  velocity  ae  a  function  position 
of  the  iinar  element  for  cones  0.0375  in.  wall  thicknons. 
Confinement  varied  as  indicated. 


Figure  1 :  Computed  curves  of  jet  velocity  as  a  function  of  initial 
posit ‘.Oti  of  pircnt  liner  element,  for  cones  0.0375  in. 
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Figure  1»  Computed  curves  of  oollapae  velocity  «■  a  function  poailxon 
of  the  liner  element  for  oonea  of  0,0125  in.  well  thickness. 
Confinement  varied  &s  indicated. 
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Figure  ?:  Computed  <  of  jet  velocity  es  a  function  of  initial 

r  ■.■it ion  of  parent  liner  element,  for  cones  of  0.0125  i;.. 
^aII  thickness. 
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'"The  work  described  in  this  paper  was  carried  out  under  Contract  No. 
DA.-36— 06l— OiU>-L33  with  Ballistic  Research  Laboratories  and  was  reported 
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2 

R.  J.  Eichelberger,  "Predicted  Effects  of  Charge  Confinement  on 
Jet  Formation,"  Fundamentals  of  Shaped  Charges,  C.I.T.  Third  Quarterly 
Status  Report,  Chapter  No.  II,  Contract  No.  DA-36-06l-0RD»l4S>3»  July  31,  19?5» 
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The  Distribution  of  Metals  in  a  Jet  fr.m  a  Bi-M?t»l  Liner*  ** 

G.  M.  Bryan 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pennsylvania 


In  the  course  of  their  work  with  composite  copper  and  aluminwt 
liners,  the  Firestone  Tire  and  Rubber  Company  has  in  -  ligated  the 
penetration  of  a  105mn  charge  containing  a  100  mil  copper  liner  and 
a  20  mil  ♦J.uninun  insert1.  It  was  found  that  this  combination  gave 
penetrations  whivii  differed  little  from  those  obtained  with  the  cop¬ 
per  liners  alone  at  a  standoff  of  7|  inches.  If  the  composite  liners 
produced  aluminum  jets,  the  penetration  should  be  considerably  lees 
on  the  basis  of  ths  density  law.  It  was  felt,  therefore,  that,  for 
the  particular  oharga  geometry  and  standoff  involved,  the  division 
of  mass  between  jet  and  slug,  as  a  function  of  distance  along  the 
cone  axis,  was  such  that  the  jet  contained  a  large  proportion  of 
copper  along  most  of  its  length. 

This  might  be  demonstrated  by  determining  experimentally  the 
jet  velocity  V  and  penetration  rate  U  associated  with  a  par¬ 
ticular*  jet  element  at  a  gx.'en  point  in  the  target.  These  quanti¬ 
ties  are  related  to  an  effective  jet  density  X  rj  by  the  equation2 

(V  -  0)2  •  /°t  U2 


in  which  the  strengths  of  target  and  liner  have  been  neglected.  For 
•  jet  composed  of  one  metal,  A  nj  should  decrease  with  increasing 
penetration  depth  because  of  the  Breakup  factor  A  .  For  a  mixed 
jet)  Pa  also  depends  on  the  depth.  In  particular,  if  the  jet  is 
primarily  aluminun  near  the  tip,  but  oontains  a  large  proportion  of 
Copper  farther  hack,  then  it  is  quite  possible  that  X  r*  will  in¬ 
crease  considerably  in  the  region  where  the  copper  begins  to  predomi¬ 
nate. 


i  limited  number  of  these  charges  was  made  available  to  C.I.T, 
for  such  an  investigation.  Streak  camera  records  of  ths  progress 
of  the  jet  through  spaced  target  plates  served  as  the  basis  for  esti¬ 
mating  V  and  d  as  functions  of  position  in  the  target. 

Figure  1  is  a  diagram  of  charge,  target  and  resulting  record. 

The  heavy  lines  are  those  actually  observed  -  the  slopes  representing 
velocities  of  different  parts  o'  the  jet.  The  averagr  penetration  rat* 
through  a  given  plate  is  represented  by  the  slope  of  the  dotted  line 
connecting  the  incident  and  emergent  jet  velocity  lines.  (The  instan¬ 
taneous  penetration  rats,  of  course,  varies  continuously  through  the 
plate.)  We  associate  with  this  a /wage  U  a  V  which  Is  the  average 
of  the  incident  and  emergent  jet  velocities.  We  can  then  calculate 
X  ,3  for  a  given  plate  position  a  .  The  target  usee!  conciattd 
of  2  in.  thick  rild  steel  elates  h  In.  apart,  at  a  7?  in.  standoff, 

Ths  results  lor  two  copper  and  two  composite  cones  are  listed  in  Table  I. 

♦♦Received  24  May  1956  362 
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Vigur*  l.  Str#4k  record  of  Jet  pw»im:  through  «p*c«d  target  plate* 
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Table  I. 


Copper 

Copper 

Composite 

Composite 

z 

(in.) 

V3 

0 

7.2 

6.1 

1.? 

1.9 

6 

6.2 

6.3 

l».9 

1.1 

12 

Iw7 

6.1 

5.5 

U.o 

?.a 

2U 

5.5 

3.7 

3.3 

2.0 

3.9 

1,7 

1.1 

The  results  indicate  that  the  first  om  or  two  plates  are  penetrated 
by  a  predominantly  aluminum  Jet,  after  which  a  considerable  proportion  of 
copper  Is  apparent.  This  means  that,  in  a  solid  target  at  the  same  stand- 
off,  roughly  3  or  li  in.  of  the  total  20  or  so  inches  of  penetration  can 
be  attributed  to  eluninut)  the  remainder  is  due  to  a  jet  In  which  copper 
predominates  (on  a  weight  basis) . 

This  picture  was  substantiated  qualitatively  by  an  axnination  of  the 
target  plates.  The  holo  in  the  first  plate  was  coated  with  metal  which 
was  quite  definitely  the  color  of  aluminum.  Xh  the  rest  of  the  plates 
the  coating  was  yellow  and  had  the  appearance  of  brass. 

it  wee  found  by  firestone  that,  at  higher  standoffs,  the  composite 
oone  la  definitely  inferior  to  the  copper  oone.  The  jet  has  lengthened 
sufficiently  so  that  the  alutinum  front  and  plays  a  more  important  role. 

At  a  given  standoff,  increasing  the  wall  thickness  of  th#  alwlnum  in¬ 
sert  should  deoraaae  the  penetration  line#  the  eopper  will  not  begin  to 
predominate  so  soon*  Inserts  or  0,0b  in.  alvnlnum,  tested  by  MLreatone, 
gave  considerably  mealier  penetrations. 


The  work  described  in  this  paper  vae  carried  out  under  Contract  No. 
D4-36-o6l-0KMi53  with  Ballistie  Rasearch  Laboratoriee  and  will  be  reported 
in  the  Third  Quarterly  Status  Report,  July  31,  1955. 

lwBatteliow  Anti-Tank  Project,"  firestone  Tiro  and  Rubber  Company 
fortieth  Progress  Report,  November  1953,  Contract  Nos.  DA-33-01?-0BD-;>3 
and  DA-33-019'ORB-l 202 . 

^R.  J.  Xtcbelberger,  "Re-Scawination  of  the  Theories  of  Jet  formation 
und  Target  Penetration  by  I-ined  Cavity  Charges,"  OIL  Report  No,  1.  Curoagi* 
Institute  of  Technology,  Contract  No.  Di-36-06l-DRD-39u-  oone  1951a. 
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Mote  on  the  Distribution  of  Metals  in  a  Jet  ira-.  a  Ei-Kct*l  liner  *  ** 

G,  B'-jan 

Carnegie  Institute  of  Technology,  Pitts'- .rgh,  Pennsylvania 


The  distribution  o?  netale  in  a  jet  froa  an  aluminum  lined  wnptr 
cone  Manufactured  by  the  Firestone  Tire  and  Rubber  Company  has  been  in¬ 
vestigated  on  the  basis  of  the  jet  velocity  distribution,  the  penetration 
rate  into  steel,  and  the  hydrodynamic  equation  penetration.  _The  results, 
which  were  reported  in  a  previous  conn  uni  cation  to  this  journal*,  indicated 
that  uhe  jet.  behaves  like  an  aluminum  jet  during  a  relatively  snail  part  of 
the  penetration  process,  and  as  scales  the  .iharacter  of  a  copper  jet  for  the 
major  portion  or  tne  penetration. 

This  picture  can  be  compared,  at  least  qualitatively,  with  the  theory 
of  the  collapse  process  by  predicting  the  relative  asounts  of  copper  and 
aluminum  entering  the  jet  from  any  point  on  the  crme.  The  prediction  can 
be  tested  by  direct  examination  of  the  slugs. 

The  division  of  Mass  between  jet  and  slug  as  a  function  of  distance 
along  the  erase  axis  is  estimated  from  the  charge  geometry  alone,  \3  means 
of  release  wave  calculations2  and  collapse  theory!,  it  is  then  possible 
to  estimate  the  amount,  nf  copper  entering  the  jet  along  with  the  aluminum. 
Specifically,  if  ML  and  M,  are  the  mass  per  unit  area  of  copper  and 
aluminum  respectively  la  the  undisturbed  cone,  then  the  total  mass  per 
unit  area  of  ths  erase  is  Hc  ♦  Ma  ,  and  the  portion  entering  the  jet  is 


(Mc  ♦  Ha)  , 


when  ckj/dm  is  the  predicted  fraction  of  cone  mass  which  goes  into  the  jet. 
Thus  too  m>b  at  ec-p-per  per  unit  ansa  i&ish  enters  the  jet  is 


*c  *  ^2-  (Mc  ♦  Mm)  -  . 


Dividing  by  the  density  of  copper  we  obtain  the  thickness  of  -epper  cti.'-cib- 
uting  to  thm  jet. 

The  calculated  division  of  the  wall,  over  the  major  portion  of  the  cone, 
is  shown  in  Figure  1  for  aluainum  thivknesses  of  0,  0.020,  and  O.OfcO  inches. 
The  percent  copper  by  weight  can  ha  estimated  ♦'r-w  these  results.  For  the 
20  mil  insert  the  value  ranges  from  about  Sh  percent  at  the  tip  t.  about 
?5  percent  near  the  tall.  For  the  bO  mil  case  the  range  is  approsAaately 
13  to  55  percent .  It  is  reasonable  then  i«  expect  the  irf>  wil  case  to 
approach  the  performance  of  a  true;  aluainw  jet  as  predicted  by  the  density 
1 aw  -  that  is,  the  penetration  should  ba  around  *2. 7/S.?  (^0.55)  times  riwt 
of  the  copper  jet.  The  ratios  found  experimentally  by*  Firestone  fc»*  yxend- 
offs  of  7,i,  15,  and  in,  were  0.57,  O.ljS,  and  0.51  respectively^. 
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Slags  from  liners  having  inserts  of  0,  20,  and  ii'O  mils  were  recovered 
in  rock  wool  and  sectioned  at,  approximately  u.2  in.  in+srvale.  No  aluminum 
is  apparent  in  the  first  two  cases.  In  the  1(0  mil  case  an  irregular  cavity, 
partially  filled  with  alvalnum,  is  found  along  the  axis  of  the  slug.  The 
cavity  is  quite  large  near  the  apex  and  fc; 'ins  to  taper  off  toward  the  base. 
This  result'  indicates  that  the  estimates  of  diu/dn  are  too  high,  inasmuch 
as,  they  predict  that  all  of  the  aluminum  will  enter  the  jet,  even  in  the  hO 
mil  case. 


*£.)o#i*»u  *  August  1355 

oi'The  work  described  in  this  paper  was  carried  out  under  Contract  No. 
DA-36-C61-OSB-U53  with  Ballistic  Research  Laboratories  and  was  reported 
la  ths  Third  Quarterly  Status  Report,  July  31,  1955. 

*G.  M.  Bryan.,  "The  Distribution  of  Metals  in  «  Jet  from  a  Bi-Metal  liner.0 

(EDITORIAL  MOTS i  Sea  page  882,  this  issue ) 

^R,  J.  Eichelberger,  •'Predictions  of  Shaped  Charge  Performance  from  the 
Release  Wave  Theory,"  status  Report  No.  1,  Chapter  1,  Fundamentals  of  Shaped 
Chargee,  Contract  No.  BA-36-06l-ORD-39lf,  Camogie  Institute  of  Technology, 
January  31,  195b. 

3r,  J.  Eichelberger,  "Re-Ex®  inatios  of  the  fhscri**  of  Jet  Foswatieu 
and  Target  Penetration  by  Lined  Cavity  Charges, M  CEL  Rpu.  No.  1,  Carnegie 
Institute  of  Technology,  Contract  No.  DA-36-06l-ORB..39u ,  June  195b. 

^'"Battalion  Anti-Tank  Project,0  Firestone  Tire  and  Rubber  Canpany, 
Fortieth  Progreso  Report,  November  1953,  Contract  Nos.  BA-33-019-0RD-33 
and  DA-33-019-0  RD-1 ?02 , 
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ELongation  and  Fracture  of  the  Jet*  ♦* 

R.  J.  Elchelbor^er 

Carnegie  Institute  of  Technology,  1  ..ttsburgh,  Pennsylvania 


A  first  attempt  has  been  made  to  develop  a  quantitative  formulation 
for  the  elongation  of  the  jet  formed  by  a  charge  cf  known  dimensions  and 
materials.  In  tMa  formulation,  the  simplest  possible  aasunptions  have 
been  made,  in  lieu  of  information  concerning  the  ductile  behavior  of  ma¬ 
terial#  under  the  conditions  experienced  by  s  jet  after  its  formation. 
The  chief  purpose  has  been  Anply  to  find  a  basis  for  quantitative  analy¬ 
sis  of  experimental  observations  concerning  jet  elongation  and  break-19, 
that  ean  be  modified  aa  more  information  is  obtained. 


The.  basis  of  the  formulation  is  the  definition  of  jet  elongation  by 
moans -of v  the  equation 


•  ■  . 


*iKs^.,i~44  .elongation)  .*  is.ths  instantaneous  position  at  time  t  of 
theu-i«t>fsisii»t  formed  from  tha  liner  element  initially  at  position  x 
wd'  herring  this  velocity  V  j  t*  Is  the  vri.ua  of,  t  at  the  instant  a 
jet  element  is  formed*  Combining  this  definition  with  the  genar silted 
theory  of  jet  formation1*2,  the  elongation  can  be  written  as 


...  •  ,,,• 


(t 


«. k 


v  „  «  dt* 

1  .a* 


a 

3x 


jjf  tan{<*  *  6$ 


<2) 


’.if  am  r  is  the,  radiub  of  the  liner  (dement  initially  at  position  x  , 
'(lie  the  odis  half-angle,  and  $  is  tha  Taylor  collapse  angle.  Pro- 
-  seeding  farther,  and  assuming  that  tho  jet  remains  ductile  until  the 
&«ngeti«m ihereaaes  id  a  value  #„  ,  whfa  fracture  occurs,  wa  find 
for  the^jdUhb  In  space,  measured,  from  the  top  of  tb*  oone,  at  which 
fraetoro  occur* 

s0  •  *(V,t*)  ♦  V  ec  (d»/dV)x>t*  (3) 


By  v«y  of  Illustration  of  the  implication  of  this  formulation,  calcu¬ 
lations  have  bf»en  .carried  out  for  1  5/8  in.  (H9A1)  copper  cr-aes  in  stan^ari 
C.I.T.  charges.  The  jet  ...  cd*sct«i8iica  were  caltulsl&i  by  means  of  the 

♦♦Received  9  Aupast  1066 
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relGase  wave  theory^  and  the  generalized  theory  of  jet  formation.  The 
po  ition  at  which  fracture  of  the  jet  occurred  was  then  calculated  fur- 
each  jet  clement,  assuming  that  each  element  fractures  when  ec  for  that 
element  rises  to  5.2$,  and  plotted  as  a  function  of  the  velocity  of  that 
element.  The  predicted  curves  of  dV/dz  (the  ve..ocity  gradient  in  the  jet) 
at  the  ',ime  t#  is  shown  for  22  d?*,  and  LU  ueg.  cones  of  wall  thiokneos 
O.0375  -  in  Jig.  1  and  the  corresponding  curves  of  zc  as  a  function  of 
jet  r4lor*  >y  in  Fig.  2.  Flgur;*  3  and  k  show  a  similar  set  of  curvsi  cal- 
cul&hiki  for  14)  deg,  cones  having  wail  thicknesses  0,0125  in.  and  0.0375 
inch. 


*?he  work  described  in  this  p^>er  was  carried  out  under  Contract  No. 
JU-36w36l-OaD~l)53  with  Ballistic  Research  Laboratories  and  was  reported 
in  the  third  Quarterly  Statue  Report,  July  31,  195$. 

*1.  M.  Pugi,  4*  J.  Hcbeiberger  and  H.  9-  toker,  "Theory  of  Jet 
iroraatioc  byChtrgw  with  Lined  Conical  Cavities,"  Journal  of  Applied 
Physics,  Yol,  23,  No.  $,  pp.  $32-536,  May  1952. 

*R.  J,  Uchelberger,  "Re-bealnation  of  the  Theories  of  Jet  Foma- 
ticn  and  Target  Penetration  bjr  lined  Cavity  Charges,"  CEL  Report  1, 
Contract  No.  BA-36-061-0RB.39U,  June  1951. 

^R,  Js  Unhalberger,  ''Predictions  of  Shaped  Charge  Perforaance  from 
the  Release  Wave  Theory,"  Transactions  of  Sywpoaius  on  Shaped  Charges  ~ 
i*c.  7-S,  1953,  B.R.L.  Report  No.  909,  p.  19?. 
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Conpensation  by  Fluted  Liners*  ** 

J.  A.  Dreesen 

Carnegie  institute  of  Technology,  Pittsburgh,  Pennsylvania 


W*  hm  recently-'1  described  a  theory  that  vas  developed  for  the 
prediction  of  compensation  frequencies  for  fluted  liners  of  the  (s,s) 
type*  Specific  assmptlona  that  vers  made  regarding  the  relative  valuea 
of  various  liner  parameters  limited  the  usefulness  of  the  theory,  so  that 
no  comparisons  vers  possible  vith  known  experimental  results.  Ve  have 
sines  ertendeo  the  theory  to  inolude  more  general  liner  designs,  and  cal¬ 
culations  may  nc:  'os  mads  for  nany  designs  for  vhich  experimental  results 
are  available. 


W*  have  carried  out  tl.«  calculations,  vhich  prove  to  be  rather  lengthy, 
for  two  specific  designs.  The  parameters  were  chosen  to  represent  an  ele-  . 
went  0.70  in,  from  the  liner  base  for  the  eerie*  (0,0lil*(l6  x  0.010)(s,e)(*[)l , 
for  vhloh  experimental  results?  are  available.  Unfortunately,  however,  through 
a  misunderstanding  the  vail  thloVness  chosen  for  the  calculations  vas  probably 
about  10  per  cent  too  large.  V*  oompsre  the  results  of  these  calculations 
with  experiment  la  fable  X,  the  experimental  results  being  taken  direotly 
from  fig,  IX-1  of  reference  2, 


*  Index  Angle 
(dag.) 


%  •  Oaloulated  Compeneation  %  •  Observed  Optimum 
Frequency  frequency 

(r.p.s.)  (r.p.s.) 


6,3  -  65.0  -  85 

20.7  *160.7  *170 


In  view  of  the  nuasrou*  assumptions  involved  in  the  theory,  the  agreement 
between  the  calculations  and  experiment  ie  phenomenally  good.  It  should  be 
remembered,  however,  that  the  observed  optimum  frequency  ie  necessarily  a 
-  sort  of  weighted  mean  value  of  the  compensation  frequencies  for  all  liner 
dlimeate,  %  w»uld  guess,  however,  but  without  much  basis,  that  this  should 
increase -Ith*  degree  of  agreement.  We  ere  not  prepared  to  guess  tho  effect 
,  of  the  difference*  in  well  thickness  on  the  observed  agreement,  nor  are  ve 
prepared' to  guest  the  effect  of  variations  in  other  parameters  chuaen  h.  ...0 
calculations,  which  in  one  oaee,  at  least,  it  probably  unrealistic. 

<"  These  calculations,  ee  well  as  further  calculations  which  sre  planned 
mod  vhich  will  throw  more  light  on  the  potentialities  of  tho  theory,  will 
b*  discussed  more  fully  later. 


vateeelved ••  August  1*65 
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wThe  work  described  in  this  paper  was  carried  out  under  Contra' t  No . 
DA-36-061  -ORD-1j53  with  Ballistic  Research  Laboratories. 

A.  Dreesen,  "Theoretical  Treatment  cf  Fluted  Liners,"  Third 
Quarterly  Status  Report,  Chapter  7,  Carnegie  Institute  of  Teclnology, 
Contract  No.  DA-36-06l-ORD-i453,  31,  195?. 


K*  R;  Bsc/cer,  E.  L«  Lit z'~  Tieici  &xid  R«  J •  Sichclbsrgerj  ”E3f^ei,j’rontai 
Observations  with  57MM  Fluted  Liners,"  Second  Quarterly  Status  Report, 

Chapter  II,  Carnegie  Institute  of  Technology,  Contract  No.  DA-36-06l-0RD-li51, 
April  30,  1955. 
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57  an.  Fluted  Liners*  *+ 


K.  R.  Becker 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pennsylvania 


Experimental  results  from  a  ec-^ieo  of  57  eq.  'fluted  oopper  liners 
6how  that  one  lot  of  the  series  has  performance  characteristics  making 
.it  suitable  for  use  in  the  57  mm.  PEAT  round. 

Tbs  series  of  liners  presented  here  have  the  general  C.I.T.  desig¬ 
nation  048  (16  x  .0175)  (SS)  \0)  with  a  base  diameter  of  approximately 
1.89  inches.  The  ten  lots  making  up  the  series  differ  nominally  in 
Index  angle;  tbs  indexing  ranging  from  0.5  dag.  to  21  deg. 

All  linere  diecuesed  in  tbia  paper  were  cast  into  a  1.883"  diam.  x 
3,78"  Composition  B  charge,  confined  in  a  plastic  charge  head,  rotated 
in  a  shaft  rotator,  and  fired  at  2  cone  diametere  staid off  into  stacks 
of  4*  x  4"  x  1"  mild  steel  plates. 

The  performance  data  from  the  ten  lota  are  summarized  in  Figure  1, 
which  la  a  plot  of  optimum  frequency  ae  a  function  of  index  angle; 
corresponding  penetrations  are  found  in  Figure  2,  a  plot  of  penetration 
vs.  optimum  frequency.  Taxing  into  consideration  both  performance 
characteristics  (optimum  frequency  and  penetration) ,  it  appears  that 
Lot  V-ll,  which  is  reprsssnted  by  ths  first  point  on  each  plot  has  the 
most  interesting  performance  characteristics}  it  has  an  optima 
frequency  of  almost  200  r.p.s,.  and  penetration  of  7,3  inobes  at  this 
frequency.  Better  penetrations  art  obtained  for.  lots  in  the  indexing 
region  of  from  1  1/2  deg.  to  12  deg,;  however,  it  may  be  noted  by 
inspecting  Figure  1  that  optlsi m  frequencies  are  too  low  to  make  these 
lots  particularly  intereating.  For  the  lots  with  index  angles  greater 
than  12  degrees,  Figure  2  shows  the  penetrations  to  ha  quite  low. 

The  promising  performance  results  rrom  Lot  W-ll  prompted  further 
investigation  of  these  linere,  100  additional  liners  were  pressed  and 
and  twenty  of  these  were  cast  up  and  fired;  the  spin  rate  waa  210  r.p.s. 
which  la  at  or  near  the  frequency  at  which  field  rounds  are  rotated. 
Penetration  results  from  these  shote  ere  tabulated  belows 


Shot  # 

Pen. 

Shot  §  Pen. 

Shot  # 

Pen. 

Shot  it 

Pcc. 

1 

6,2 

6 

7.2 

11 

7,2. 

16 

7.C 

2 

8.0 

7 

6.4 

12 

6.7 

17 

7.0 

3 

8.1 

8 

6.2 

13 

7.4 

18 

8.0 

4 

5.2 

9 

6,3 

14 

3.6 

19 

7.2 

5 

7.2 

10 

5.0 

15 

7.7 

20 

6.9 

♦♦Received  9  August  1956 
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Penetration  (incises) 


Index  Angle  (degrees) 
Mg.  1  Plot  of  optima*  frequency  vs,  index  eagle 


Fig.  2  Plot  of  penetration  :s.  index  angle. 
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Tht  average  penetration  is  6.8  inches  with  a  standard  deviation 
of  1.1  inch.  Deleting  the  3  poor  shots  (if A,  ft  10.  ffll^)  an  average 
penetration  of  7.1  inches  is  obtained. 

In  order  to  determine  more  precisely  the  optimum  frequency  c>f  th.9so 
liners,  twenty  five  additional  liners  wore  cast  up  and  5  each  fired  at 
170,  180 j  190,  200  and  220  r.7  ,s.  The  results  from  there  twenty -five 
shots)  the  twenty  shots  fired  at  210  r.p.s.,  and  19  shots  from  the 
original  group  of  W-ll  liners  are  the  basis  for  the  plot  of  penetration 
vs.  rotational  frequency  \  isusnted  in  Figure  j.  An  optinlm  frequency 
of  185  r.p.s.  and  penetration  of  8.0  lnohes  is  interpreted  with  the 
insistence  of  a  symmetrical  curve.  The  curve  does  not  represent 
penetrations  at  175  r.p.s.  and  200  r.p.s*  very  well.  All  the  shots 
at  175  r.p.s.  ars  from  the  original  group  of  conos  received  and  all' 
shots  lying  above  ilzs  curve  at  200  r.p.s.  are  from  the  new  shipment,  ae 
were  shots  in  the  170  r.p.s.  region)  consequently  it  appears  that  1/2 
to  1  inoh  penetrations  are  obtained  with  cones  from  the  new  shipment. 

An  investigation  of  tha  differenoe  between  the  owo  shipments  is  pending. 


1 


*The  work  described  in  this  paper  was  carried  out  under  Ccntraot 
No.  bA*36-Q6i.-0RD-453  with  Ballistic  Research  Laboratories. 
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?5tfl  Fluved  Liners’  ** 

K.  R.  Bec'cer 

Carnegie  Institute  of  Technology,  °itt3'ourgh,  Pennsylvania 


Preliminary  tests  with  75mm  fluted  liners  suggest  the  feasibility 
of  a  liner  design  with  performance  characteristics  suitable  for  use 
in  the  yjm  HSAT  round. 

The  serration  depths  are  a  nominal  scale  of  a  successful  57mm  liner 
design.  The  75mm  liners  tested  have  the  conventional  C.I.T.  designation 
I3069(l6  x  ,02l*)(s,e)(5i  6«g.)j*  The  number  .024  in  this  instance  is 
the  flute  depth  (inches  perpendicular  to  cons  axis)  at  a  reference  plane 
located  0.391*  in,  from  the  oona  base.  The  flute  depth  vereus  cone  height 
relationship  Is  linear. 

The  liners  were  cast  into  a  2  3/8  in,  s  4  3/1*  in.  Comp.  B  charge, 
confined  in  a  plastic  (Svnthene)  charge  head,  spun  cn  a  wire  rotator, 
and  .tired  at  l*  3/1*  in.  standoff  into  stacks  of  4  in.  x  1*  in.  x  1  in. 
mild  steel  pl&tee,  The  performance  curve  is  given  in  Fig.  1.  in  opti¬ 
mum  frc*?»eoey  of  132  r.p.s*  *#  interpreted  with  the  assistance  of  a 
symmetrical  curve.  The  interpreted  penetration  at  this  frequeney  is 
30  in,  which  correspond*  «e  55  per  cent  of  the  penetration  ob- 
tained  with  tho  smooth  parent  cone  fired  statically.  Also  of  interest 
is  the  beet  shot  at  150  r.p.s.  which  gave  10,U  in.  penetration*  Varia¬ 
bility  of  penetration  at  optimum  frequency  and  150.  r.p.s.  Is  rathsr  large, 
however,  no  greater  than  with  the  miiodth  blanks  fired  statically  and  can 
Very  possibly  be  attributed  to  a  combination  of  poor  quality  smooth  bleaks 
end  the  base  alignsent  technique  used  in  charge  casting. 

Results  from  this  group  of  liners  are  somewhat  encouraging  since', 
with  slight  changes  in  liner  daaign,  an  optimum  frequency  of  180  r.p.s. 
and  comparable  penetration  should  be  entirely  faerible,  Niue  other 
groups  of  75mm  fluted  liners  with  indexing  varying  from  0  dag.  to  21 
deg.  have  been  received.  Further  tests  and  a  more  complete  investiga-  - 
tion  of  75nm  liner*  is  under  way. 


•Received  24  key  1966 


icrk  described  in  this  paper  was  carried  out 
DA-36-061-0ED-453  with  Bn.  .liable  Research  Laboratories 
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under  Contract  F% 
and  will  be  reported 
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FLASH  RADIOGRAPHIC  STUDY  OF  SPIS  C0UP2NSATI0K 
WITd  105UJ1  F  LOT  2D  LIN2RS  (II)* 


J.  Simon 

Balletic  Rssearoh  Labo/atoriss 
Aberdson  Proving  0;  -.••.nd,  Maryland 

Flash  radiographic  studies  of  fluted  liners  at  tha  BRL  have  been  reported 
previously. ( 1 ) ( 2  J  The  Fir «e tone  Tire  and  Rubber  Company  h*u  provided  us  with 
another  IOBbo  oome  design'5)  DRD-S93,  Item  2  (SO  flutes)  to  be  Tired  statically 
a~d  at  various  .rotational  frequencies,  the  jet  to  be  observed  flash  radio- 
graphically.  The  design  parameters  and  performance^)  are  ai  follows <  SO 
external  pressed  flutes,  wall  thioknesa  ,1048",  flute  depth  .0129",  radius  to 
flute  orest  1,817",  spin  compenst  vion  frequency  82  rpa,**  and  optimum  pene¬ 
tration  of  20,0  inohss  in  mild  stael. 

Sxamination  of  tha  radiographs  shows  that  the  flutad  liner  fired  at  its 
optimum  frequency  produces  a  jet  similar  to  that  from  a  statically  fired 
smooth  cone,  while  the  statically  fired  fluted  liner  produces  a  jet  slice  that 
from  a  smooth  liner  under  rotation. 

Radiographs  of  tha  jeta  from  the  DRD-393,  Item  2  design  are  shorn  in 
Figures  1,  2,  3,  4,  5  and  6,  The  wansition  from  the  badly  broken  jet  in 
Figure  1,  whloh  was  non-rota  ted,  through  the  slightly  broken  jet  in  Figure  4, 
which  was  rotated  at  SO  rpt,  to  tha  broken  jet  la  Figure  6  at  76  rps.ls 
aorrslstod  with  the  observed  penetration  perfora&noe  under  rotation, Tha 
radiographs  of  tha  jats  (Figures  S  and  4)  at  apin  frequencies  46  rps,  60  rpa, 
respectively  are  very  similar,  and  the  penetration  performance  was  19. 8"  at 
48  rpa  when  fired  into  a  mild  ataal  target  at  a  standoff  of  7.6".'5) 


(1)  Zernov,  L.,  end  Simon,  <J.,  "Flash  Radiographio  Study  .'f  Spin  Compensation 
with  108m*  Flutad  Liners",  Shaped  Ohargt  Journal,  1,  le.  1,  98,  July  1964. 

(2)  Zernov,  L.,  end  Simon,  J.,  Flash  Radlogrsphio  Study  of  SpeoiA  Liners, 

BRL  Report  Ho.  938,  AFO,  RdTTTulylWS. 

(8)  fiupplesmnt  to  Progress  Report  Ho#  29,  on  the  106mu  BAT  Project*  Contract 
Ho.  DA-S3-O19-0RD-33,  Firestone  Tire  and  Rubber  Company,  Defense  Research 
Division,  Akron,  Ohio,  Daoenbar  1966. 

(4)  Zernov,  L»t  Rffeots  of  Rotation,  Critics.!  Epview  of  Shaped  Charge  Infor¬ 
mation,  BRL  Se'port  90?i,r'Chapt'  til,  APG,  lid.,  hay  1964. 

a  Received  4  August  1968# 

•*  The  convention  for  elgsbraio  eign  of  the  direction  of  rotation  has  been 
taken  as  positive  if  rotation  of  tha  projectile  is  clockwise  whoa  viewed 
from  tha  rear.  This  is  the  norwal  situation  for  artillery  with  a  right 
hand  twist  of  rifling. 
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FUSE  RADIOGRAPHIC  Sim  OP  SPIN  COMPENSATION 

I*  106MM  COPPER  UNEKS  MANUFACTURED  BY  CONTROLLED  "SPINNING"* 

J»  Simon 
L.  Zer 


Ballistic  Ressaron  Laboratories 
v.  Aberdeen  Proving  Ground,  Maryland 

The  BaUiatio  Rcuanroh  Laboratories  have  obtained  from  tho  Craft  Manu¬ 
facturing  Company  (Chicago,  Illinoia)  two  lota  of  106mm  spun  linora  mad«  by  a 
controlled  manufacturing  process  <,  The  linara  vara  copper  oonaa  mada  to  draw¬ 
ing  0RD-76-2-510D2,  with  a  42°  apex  angle  and  a  0.i05';  wall  thickness.  Thaao 
linora  wwro  ma oh  Load  with  a  flanga  to  fit  tho  haarily  confined  106mu  pane- 
tratioa  assemblies  Mad  at  thia  laboratory* 

The  aanufaoturihg  parameters  of  rotation  of  mandrol,  rata  of  food  of 
forming  wheel,  and  dirootion  of  mandrol  rotation  worn  chosen  ao  that  hhe*e 
linora  would  too  spin-compensated  at +30  rps.'*)  Tho  "angle  of  distortion",' 
a  oorralation  botwoon  apin  oomponaatioa  froquanoy  asd  tho  aanufaoturing 
Remasters  suggested  by  the  fir;* tone  tiro  and  Rubber  Company,  waa  uaod  aa  a 
criterion  in  tho  spinning  proooaa*  During  tho  wunufaoturo  of  Lot  1  linora, 
tho  "angle  of  distortion"  waa  found  to  bo  13°  inatoad  <it  tho  predicted  33°  for 
«  apin  compensation  froquanoy  of +80  rpa.  Investigation  at  tho  Craft  Manufac¬ 
turing  Company  revealed  that  a  S/d  hard  copper  blank  a to ok  had  boon  obtained 
from  the  earner oial  supplier.  Consequently  a  lower  "angle  of  distort ion" 
equivalent  to  a. 3/8  X  rate. of  mandrel  rotation  waa  obtained  from  the  awnufso- 
t wring  prooeae.v2)  To  obtain  they  roper  spin  oomponaation  frequency.  Let  i 
llmere  were  manufactured  from  material  with  the  proper  metallurgies!  speci¬ 
fication*. 

flash  radiogr*phy(B)U)  waa  utilised  to  study  evidenee  of  apin  compen¬ 
sation  characteristic*  imported  to  jet*  of  both  lots  of  linora  by  this  method 
Of  aanufeeturo*  The  jet*  obtained  from  those  linora,  while  rotating  at 


(3) 

(?) 

<d> 


» 

Thirteenth  Progress  Report  of  tho  firestone  Tire  end  Rubber  Company  on 
Ptsign  and  Dovolopaont  of  Cartridge  HEAT,  T-30C  for  90mm  Gun,  TUN,  uadi. 
Contract  Mo.  DAl-3S~019-50i«ORD(f;ie»  firestone  lire  and  Rubber  Oos**ny, 
Defense  Resear eh  Division,  Akron,  Ohio,  May  198d. 


Ter&l  communication  by  Sr*  3*  Winn  of  Firestone  Tire  and  Rubber  Company, 
Id  J+ril  1966. 

termow,  L.  and  Simon,  J 
in  thcar  formed  Liners 
3ulyT984. 


„  "flash  Sadtographio  Study  at  Spin  Oompenaatio- 
(lTBl^trJ?hay>ed  CH*rge  Journal,  1,  No*  1,  iOO,’ 


Simon,  J.,  Flash  Radiographic  etudy  ol'  Ar.owlou*  data  from  90mm  Liners 

ManufaotureTTST^ Ropery  Ex^f’oa'io57BBl3 3o97TSET I W,  W"! Sly  W~ 


*>Dr,  Jernow  is  avtw  n'  th  Asrojsi-Oaneral  Corporation,  At  us  a,  California. 


»Seceived  2  August  19?r 
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various  «pia  r-tes,  are  shown  in  Figures  1  to  6  for  lot  and  in  Figure*  6  1.0 
11  for  Lot  2. 

Examination  of  tho  radiograph*  *hor  «  t’-iat  the  jet  of  the  liner  bahiivo*  *•» 
expected  in  a  liner  with  "built-in4  a  pin  ooapsasatioa.  it  a  cero  spin-rat-... 
Figure  2  (Lot  1)-  and  Figure  ?  (Lot  2; ,  the  jet  is  badly  fragmented  and  bi¬ 
furcated,  it  a  spin  frequenoy  of  +30  rps,  tha  jet  from  both  lots.  Figure  4 
(Lot  1)  and  Figure  9  (Lot  2),  it  oontinuoue  end  slightly  broken.  Therefore, 
the  spin  compensation  frequenoy  live  in  the  neighbor aood  of +50  rps  for  both 
lots.  A  comparison  of  the  jets  in  Figures  5  and  10,  where  both  rounda  were 
rotated  at  +45  -cs,  indioate  that  Lot  2  liners  may  have  a  higher  apln  compen¬ 
sation  rate  than* Lot  ,1  liners.  The  jets  from  Lot  1  liners  are  further  along 
in  tae  bifurcation  process  abf45  rps. 
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Performance  of  Siliceous  Cored  Armor  Against  Shaped  Chargee*  ** 
E.  C.  Mutschler 

Carnegie  Institute  of  Technology,  Pittsburgh,  F cnnuylvanl  a 


Glass  -and  other  siliceous  materials  are  commonly  known  to  give 
superior  performance  on  a  weight  basl:  against  shaped  charge  weapons1. 
However,  several  attempts  to  develop  practical  armor  utilizing  glass 
has  set  with  only  limited  success2*1.  Recently,  fused  silica,  having 
a  melting  point  considerably  higher  than  steel,  was  found  to  survive 
the  easting  of  molten  amor  steel  around  it**.  But  although  the  fused 
silica  owe  doss  not  melt  or  change  in  physical  rppearance  due  to  this 
treatment,  some  deterioration  of  its  effectiveness  against  shaped  charge 

doss  occur.  This  fact  is  verified  by  a  comparison  of  its  performance 
with  that  of  an  equivalent  uaconfined  fused  silica  target.  The  core  is 
thought  to  be  damaged  by  severe  inhomogeneous  stresses  applied  to  it  dur- 
Ing  the  easting  and  heat  treatment. 

Various  designs  of  siliceous  cored  armor  ware  tested  against  the 
M28A2  rocket  charge  fired  at  the  built-in  standoff  and  also  against  the 
Jet-Guns  oonmeroisl  shaped  charge  which  is  approximately  a  0.7  scale 
model  of  the  M28A2  charge.  The  latter  charge  was  uaou  to  reduce  ex¬ 
penditures  of  materials  and  to  improve  the  statistical  reliability  of 
the  results. 

The  most  important  consideration  concerned  with  the  application  of 
aillceoua  cored  armor  is  its-  weight  relative  to  solid  amor.  For  this 
reason,  the  perfomanoe  will  be  discussed  in  terms  of  equivalent  weight, 
that  ii,1  tha  ratio  of  tha  weight  of  cored  armor  to  the  weight  of  solid 
armor; -both' in  the  particular  thickness  required  to  completely  atop  the 
jet,  Tha  steal  at  tha  adgaa  of  tha  core  is  not  conaidsred  part  of  tha 
weight  of  the  cored  armor  for  the  flguree  given  below. 

The-  following  le  a  a  unitary  of  the  important  results  of  tests  on 
cored  armor  at  Carnegie  Institute  of  Technology! 

(1)  For  penetration  at  normal  incidence  (perpendicular  to  ths  front 
surface),  equivalent  weights  from  50  to  65  percent  were  obtained. 

(2)  For  penetration  at  60  deg.  obliquity,  equivalent  weights  ranging 
from  70  to  65  percent  were  obtained,  inuc,  there  ie  a  consider  atue 
loss  of  effectiveness  experienced  with  highly  oblique  Jet  incidence, 
however,  this  loss  is  not  as  great  as  that  for  unconfined  taigeta, 

(3)  Small  area  (less  than  2  square  feet)  panels  of  a  given  thickness 
gave  distinctly  better  results  than  -Largs  panels  (12  square  feet) 
of  the  e&ne  thickness  and  core  configuration. 

(1*)  Ccmposite  targets,  msds  of  glass  core*,  confined  solidly  in  steel 
boxes  by  pouring  low  melting  metal  (Woods  Metal,  salting  point 
156  dog.  F.)  into  the  interstices,  performed  considerably  bettor 

**Eec*ived  9  August  1556 
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than  equivalent  coined  armor.  This  type  of  target  yielded  equivalent, 
weights  of  less  than  50  percent  for  normal  .let  ineideuee  approxi¬ 
mately  60  percent  for  60  deg.  oblique  attack.  These  figures  should 
also  be  obtained  for  coxed  armor  if  tbs  core  damage  is  eliminated. 

(5)  Location  of  the  core  symmetrically  in  the  armor  gives  improved  -er- 
formence.  It  is  thought  ‘■hat  the  core  is  more  nearly  '.mifom.ly 
stressed  because  of  its  symmetric  location,  hence  less  damage  is 
likely  tc  occur. 

(6)  The  total  penetration  for  cored  armor  was  less  than  that  obtained 
with  solid  steel  targets  except  for  a  few  types  shot  at  50  deg. 
obliquity.  Consequently,  any  practical  cored  armor  that  might  be 
do-’eloped  is  not  likely  to  be  thicker  than  equivalent,  solid  armor. 


Vi 

The  work  described  in  this  pep.)r  wai  carried  out  under  Contract  No. 
DA-2Q.-089-0RD-36871  with  Detroit  Arsenal, 

.  ^"Protection  Against  Shaped  Charges,"  Final  Report  OSRD  No,  6381*, 

»  M.  Pugh,  "Survey  of  Devices  for  Protecting  Armored  Vohicles 
Against  SHejmd  Chargee, n  Special  Report  No.  61*,  Contract  No.  W-36-f,,'~ 
ORD-2879,  June  30,  1 91*9. 

-  -  ^Hintkot-e  Progress  Report  for  the  Period  January  26,  1952  to 
February  26,  1952,  Contract  No.  DA-3G-G69-OKD^2l*5. 

1»B,  0.  Hutschler  and  R.  V.  Heine-ueidem.  "Defeat  of  Shaped  Charge 
Weapons,"  First  Summary  Report,  Chapter  IV,  Carnegie  Institute  of  mechnology, 
January  1  to  June  30,  1951*,  Contract  No.  DA-20-089-0RD-36871. 
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The  Effect  of  Density  in  Confined  Column  Targets*  ** 


E.  C.  Mutschler 

Carnegie  Institute  cf  Technology,  Pittsburgh,  Pennsylvania 


A  number  of  tests  have  been  conducted  it  Carnegie  Institute  of  Technology 
with  ocnfined  column  targets  (“water  cells"),  using  a  variety  of  materials  of 
different  <'  sncity ,  in  a  standard  setup  oonuisting  of  a  column  2  inches  long 
and  1  inch  in  diameter.  Confinement  was  a  steel  tube  1  inch  thick,  and  a  1/2 
inch  steel  cover  plate  was  placed  at  the  top  of  the  column.  These  targets  were 
tested  against  Jets-Guns  charges  at  3  inoh  standoff. 

The  results  are  shown  in  Uia  plot  of  observed  thickness  equivalent  (Tg) 
versus  density  of  column  material.  Tg  states  the  thickness  of  steel  in  inohes 
that  has  the  same  jet-stopping  power  at  1  inch  of  column  length,  that  is 


T.  s  Fenetratioa  in  steel  -  Penetration  in  steel  for  confined column 
"  length  of  column  • 


Alec  shown  in  this  plot,  is  the  theoretical  curve  predicted  by  the  simple  density 
law  of  penetration.  In  the  range  o'  densities  above  2.5  gas/co,  the  two  curves 
coincide end  no  effect  due  to  confinement  is  apparent.  However,  below  this 
reace,  the  two  curves  diverge  considerably  indicating  that  sn  additional 
eaohtntsa  is  effeotlve  for  saall  densities.  Flash  X-radiogrnphe  and  Kerr  Cell 
picture#  have  furnished  conclusive  evidenoe  that  the  residual  jet  ia  attacked 
by  oolumn  material  rebounding  from  thi  confining  surround,  thus  accounting  for 
the  unusual  effectiveness  of  the  confined  oolusa  target# • 

The  predominance  of  the  confined  oolumn  effect  in  the  low  density  region 
it.  ehotm  more  vividly  in  a  second  plot  in  which  the  ratio  of  the  observed  thiok- 
nese  equivalent  (T»)  to  that  predicted  by  the  simple  density  lav  (T-*)  is  given  as 
•  function  of  oolumn  density.  Note  that  the  axis  of  abscissae  in  this  plot  le 
considerably  «j$aaded  as  compared  with  the  previous  plot.  Column  materials 
having  densities  between  0, 5  ard  1.8  gms/co  lie  on  an  almost  straight  line. 
Hiteriale  having  densities  greater  than  1,8  gas/oc  lie  on  a  horisoatal  line  at 
T»  equals  1,  representing  behavior  according  to  the  simple  density  law.  This 
rather  olearly  defined  limit  for  the  "confinoa  oolumn  effeot*  i*  quite 
*  interesting.  It  should  be  noted  here  that  the  results  obtained  are 
peculiar  to  the  oolumn  geaaeti-y  and  the  Jet-Gun  charge  and  would  vary  somewhat 
for  other  condition*. 


•♦Received  9  August  1956 
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Density  of  thj  column  material  was  used  in  these  tents  because  other 
target  charaoteristios  that  are  likely  to  be  important  -  namely,  compressibility 
and  shock  velocity  -  are  unknown  for  most  of  the  materials  under  any  eoauitione, 
and  are  unknown  for  all  of  the  materials  av-  liable  for  conditions  prevailing 
during  penetration  by  the  shaped  charge  jet.  The  consistency  of  results 
obtained  using  dsnsity  as  an  independent  variable  is  remarkable,  however, 


*fhe  work  described  in  this  paper  was  carried  out  under  Cent.  ~t  No. 
DA-20-069r»n-36871  with  Detroit  Arsenal. 
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Fracture  of  Steel  Plates  under  Explosive 
T,  P,  Hurray 

Carr.-gie  Institute  of  Ter,hnolog>,  Pittsburgh, 


Loading*  ** 
Pennsylvania 


Recent  experiments  carried  out  at  C.I.T,  to  gain  basic  information 
about  the  spalling  process  have  yielded  some  interesting  results.  Tne 
experiments  consisted  of  exploding  cylindrical  Comp.  B  charges  of  vary¬ 
ing  configuration  in  contact  with  armor  plate  ord  mild  steel.  The  results 
show  that  for  a  certain  range  of  charge  parameters  and  plate  thicknesses, 
th*  spalling  process  consists  of  the  ejection  from  the  plate  of  a  large 
"plug"  of  tna  shape  shown  schematically  in  Fig.  1.  Surfaces  A  and  D  are 
the  original  front  and  back. surfaces  of  the  target.  Surface  B  has  the 
smooth  appearance  characteristic  of  shear,  while  surface  C  has  the  rough, 
jagged  appearance  characteristic  of  tensile  fracture,  ‘ 

It  has  been  found  that  this  plug  ejection  process  is  very  sensitive 
to  oharge  dimeter,  but  relatively  insensitive  to  charge  length.  For  a 
charge  diameter  of  3  in.,  the  plug  is  roughly  hemispherical,  with  s  small 
perforation  in  the  top  plate  surface.  For  smaller  diameters,  *  spall 
fragment  it.  ejeoted  from  tha  back  part  of  the  plate  and  the  plate  is  not 
perforated.  With  oharge  diameters  exceeding  3.5  in.,  the  plugs  are  of 
the  shape  shown  in  Fig,  1,  and  tha  diamaters  of  surfaces  A  and  D  lnorease 
linearly  with  the  oharge  diameter.  (See  Fig.  2),  As  an  example,  a  oharge 
$  in*  in  diameter  and  O.hO  in.  long  resulte  in  a  plug  with  diameter  of 
3*25  in*  for  surface  A  and  a  diameter  of  5  in.  for  surface  D. 

For  charges'  with  a  fixed  diameter  of  U  in.  and  lengths  varying  from 
0.25  In.  to  1  in.,  the  resulting  plugs  all  had  dimeters  A  of  about  1.75 
in*  and  diameters  0  of  about  5  in.*  with  a  variation  of  about  0*25  in., 
so  that  the  process  is  almost  Independent  of  charge  length,  providing 
the  length  exceeds  a  certain  minimus.  (8ee  Fig*  3.)  (A  1/8  in.  charge 
produced  only  a  crater  in  tt<*  target)  no  upall  was  ejected.) 

All  of  the  Above  described  results  were  obtained  with  1  in.  amor 
plate*  Similar  resulte  have  been  obtain1  th  with  0.5  in.  and  1  in,  mild 
steel  targets* 

From,  the  , initial  experiments,  it  was  believed  that  the  sheared 
surface  9  oould  be  attributed  to  the  existence  of  a  steep  pressure 
gradient  in  tha  explosive  products,  which  caused  shearing  to  »<*cur 
at  the  top  surface  of  the  target.  It  wee  thought  that  this  shear  then 
propagated,  back  to  intersect  with  the  surface  of  tensile  fracture  Ini¬ 
tiated  by  the  interaction  of  the  compression  wave  and  a  tension  wave 
originating  at  the  back  surface  cf  th«  target.  To  check  this  hypothesis, 
charges  were  exploded  in  contact  with  ii  in.  Uu  -’r  targets.  It  vas 
believed  that  if  this  shear  process  occurred  it  would  be  evidence '  by 
cracking  in  the  thick  targets.  Hr-wcrsr,  only  small  random  cracking 
occurred;  it  appears  that  the  sheared  surface  as  well  as  tha  tensile 
fracture  surface  must  ordinate  in  the  interactions  taking  piece  at 
the  target  surfaces. 

♦♦Receive!  it  August.  ''■>$$ 
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Fracture  of  Steel  Plates  under  Explosive  Loading*  ** 


T.  P,  Murray 

Cari.egie  Institute  oi  Technology,  Pittsburgh,  Pennsylvania 


Recent  experiments  carried  cut  at  O.I.T.  to  gain  basic  information 
about  the  spalling  process  have  yielded  some  interesting  results.  The 
experiments  consisted  of  exploding  cylindrical  Comp.  B  charges  of  vary¬ 
ing  configuration  in  contact  with  armor  plate  i  mild  steel.  The  results 
show  that  for  a  certain  range  of  charge  parameters  and  plate  thicknesses, 
the  spalling  process  consists  of  the  ejection  from  the  plate  of  a  large 
"plug"  of  the  shape  shown  schematically  in  Fig.  1.  Surfaces  A  and  D  are 
the  original  front  and  back  surfaces  of  the  target.  Surface  B  has  the 
smooth  appearance  ch  'cacteriatic  of  shear,  while  surface  C  has  the  rough, 
jagged  appearance  characteristic  of  tensile  fracture. 

It  has  been  found  that  this  plug  ejection  process  is  very  sensitive 
to  oharge  diameter,  but  relatively  insensitive  to  charge  length.  For  a 
charge  diameter  of  3  in.,  the  plug  is  roughly  hemispherical,  with  a  small 
perforation  in  the  top  plate  surface.  For  smaller  diameters,  <1  spall 
frajnsnt  is  ejected  from  the  back  part  of  the  plate  and  tho  plate  is  not 
perforated.  With  charge  dimeters  exceeding  3.5  in.,  the  plugs  are  of 
the  shape  shown  in  Fig.  1,  and  the  diameters  of  surfaces  A  and  D  increase 
linearly  with  the  charge  dimeter.  (3ee  Fig.  2) .  As  an  example,  a  oharge 
5  in.  in  dimeter  and  O.liO  in.  long  results  in  a  plug  with  diameter  of 
3.25  in.  for  surface  A  and  a  dimeter  of  5  in.  for  surface  D. 

For  charges  with  a  fixed  dimeter  of  Ij  in.  and  lengths  varying  from 
0.25  in.  to  1  in.,  the  resulting  plugs  all  had  diameters  A  of  about  1.75 
in.  ana  diameters  D  of  about  5  in,,  with  a  variation  of  about  0.25  in., 
so  that  the  process  is  almost  independent  of  charge  length,  providing 
the  length  exceeds  a  certain  miniaun.  (See  Fig.  5.)  (A  1/8  in.  charge 
produced  only  a  crater  in  tne  target j  no  spall  was  ejected.) 

Ill  of  the  above  describad  results  ware  obtained  with  1  in.  amor 
plate.  Similar  results  have  been  obtained,  with  0.5  in.  and  1  in.  mild 
steel  targets* 

From  the  initial  experiments,  it  was  believed  that  the  sheared 
surface  B  could  be  attributed  to  the  existence  of  a  steep  pressure 
gradient  in  the  explosive  products,  which  caused  shearing  tc  :~cur 
at  the  top  surface  of  the  target.  It.  was  thought  that  thus  shear  then 
propagated  back  to  intersect  with  th®  surface  of  t-enstle  fracture  ini¬ 
tiated  by  the  interaction  of  the  compression  wave  and  a  tension  wave 
originating  at  the  back  surface  of  the  target.  To  check  this  hypothesis, 
charges  were  exploded  in  contact  with  l*  in.  targets.  It  was 

believed  that  if  this  shear  process  occurred  it  would  be  evidene '  .  by 
cracking  in  the  thick  targets.  However,  only  small  random  cracking 
occurred}  it  appears  that  the  sheared  surface  as  well  as  tne  tensile 
fracture  surfacs  muat.  originate  in  the  interactions  taking  place  at 
the  target  surfaces. 

♦♦Receives  8  August  1  jr.r> 
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figure  It  Sketch  obowin."  approximate  shape  of  plug  ejected  by  apaii  lng. 
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It  may  >j8  that,  as  tensile  fracture  proceeds,  suiiioaent,  momentum  is 
trapped  within  tr  e  plug  to  enable  it  to  free  itself  from  the  p]  ate  by  shear 
when  fracture  hur  proceeded  to  within  a  certain  distance  from  the  top  sur¬ 
face  of  the  target  plate. 

It  wight  be  mentioned  that  l^in.  x  12  in.  tor  get  plates  were  used  for 
charges  h.5,  in,  and  smaller  in  diameter,  wr.ile  15  in.  x  15  in.  target  plates 
were  used  for  charges  of  diameter  largpr  than  ii.5  in.,  so  that  it  is  not 
oelie ved  that  reflections  from  the  aides  of  the  target  contribute  anything 
to  the  spalling  process  observed. 

In  many  canes  the  plugs  recovered  show  another  type  of  fracture  in 
addition  in  that  described  above.  In  such  cases  the  plugs  are  fractured 
completely  across,  parallel  to  the  base,  at  a  distance  of  about  0.25  in. 
from  the  back  surface.  This  type  of  fracture  has  occurred  with  both  0,5 
in.  and  1  in.  tiild  steel  targets.  It  has  not  been  observed  in  the  few 
armor  plugs  obtained. 

The  aimplest  theoretical  approximation  to  this  problem  is  to  consider 
ths  interaction  between  a  spherical  compression  wave  proceeding  from  a 
virtual  souroo  above  the  target  and  a  reflected  rpherical  tension  wave 
proceeding  from  an  image  source  bolov  the  target.  This  approach,  which 
has  bsen  carried  out  by  Q.  I.  Taylor^-,  predicts  a  fracture  surface  dif¬ 
ferent  from  either  of  the  two  types  discussed  above. 

It  is  believed  that  a  more  realistic  and  more  detailed  approach  will 
be  required  to  explain  the  actual  fracture  process  obeorved.  If  an  approxi¬ 
mate  theory  can  be  developed,  the  symmetry  of  the  experimental  reeults  ie 
such  that  an  adequate  quantitative  chack  on  the  theory  is  available. 


The  work  described  in  this  paper  was  carried  out  under  Contract  No. 
BA-36-061-0RD~1j53  with  Ballistic  Research  Laboratories  and  was  reported 
in  tha  Third  Quarterly  Status  Report,  July  31,  1955. 

Si,  Evans  and  Sir.  G,  I.  Taylor,  Research  5  (1952).  p.  592, 
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A  Theoretical  Treatment  of  Orates-  Formation  by  High  Velccitv  Fragments*  ' * 


F.  P.  Beitel 

Carnegie  Institute  of  tec!  nology ,  Pittsburgh,  Pennsylvania 


A  number  of  theories  ‘nave  been  proposed  for  the  formation  of  craters 
by  high  velocity  projectile?}  but,  due  to  the  scarcity  of  good  data,  these 
theories  have  been  tested  only  for  certain  projectile  types  end  1 -mi ted 
velocity  ranges.  Thus  it  is  not  infinitely  known  whether  hole  volw.s  in 
a  single  valued  function  of  fragment  momentum  or  of  fragment  energy  as 
predicted  by  certain  theories  based  on  various  models  of  penetration. 

Or  the  basis  of  experiments  with  lead  targets1***,  the  penetration  by 
hypevvclocity  fragments  may  be  described  as  the  production  of  a  hole  by 
the  hemispherical  distribution  of  energy  around  the  point  of  impact.  Further, 

•iO  permanent  compression  has  beer,  detected  in  cratered  targets.  Hence,  we 
have  developed  another  i^sory  of  crater  formation  which  considers  the  struck 
target  as  an  expanding  hemispherical  shell  of  incompressible  fluid. 

Ws  assume  nat  energy  is  conserved  and  that  the  crater  forming  process 
stops  when  the  maximum  pressure  gradient  within  the  target  drops  to  a  critical 
value.  We  find  that 

V1*^  (X-  1)(A  +  1)’  ^  (  A2  ♦  1)"  5/3  -  (^8750) 1/3  f 

D 


where  V  ie  the  hole  volume,  Ej»  is  the  fragment  energy,  b  is  the  critical 
value  of  the  pressure  gradient,  and  3  •  i  +  V-j/V  ,  V?  being  the  hemis¬ 
pherical  voluae  defined  with  the  nearest  distance  from  the  center  of  impact 
to  the  back  or  side  of  the  target  as  the  radius,  Whon  V<*  V-p  ,  V  is 
proportional  to  f3/U  j  but  when  V  **  Vj  ,  V  ie  proportional  to  e3  , 

For  fixed  E*  ,  we  find  that  as  V?  is  decreased  V  increases  slowly  at 
first,  then  increases  quite  rapidly  as  Vy  becomes  snail.  This  latter  be¬ 
havior  should  be  easy  to  check  experimentally,  but  no  data  are  available  as 
yet. 


♦Received  9  August  1955 

♦•The  work  described  in  this  paper  was  carried  out  under  Contract  No. 
BA-3o-Q6l-ORD-b53  with  Ballistic:  Research  Laboratories>  and  was  report*-1 
in  the  Second  Quarterly  Status  Report,  April  30,  1955." 

3-R,  J.  Eichelberger,  F,  E,  Allison,  and  W.  F.  Donaldson,  "Craxere 
Formed  by  High  Velocity  Fragments, B  Fundamentals  of  Shaped  Charges,  C.I.T. 

Status  Report  No.  3,  Chapter  I,  Contract  No.  DA-36-061-0RD-39U,  July  31,  195b. 

2ft.  J,  Eichelberger  and  W.  F.  Donaldson,  “Crater  Formation  by  Hv—rvelocity 
Fragments,1*  Fundamentals  of  Shaped  Chsupes,  C.I.T,  First  Quarterly  Status 
Report,  Contract  No.  DA-36-06l-0RD-l*53  >  January  31,  1955. 
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FLASH  RADIOGRAPHS  OF  STEEL  BALLS  PROJECTED  THROUGH  ARMOR 
BY  A  3.5"  SHAPED  CHARGE  CONTAINER  ROUND* 

J.  Simon 

Ballistic  Research  laboratories 
Aberdeen  Proving  GiousiJ,  Maryland 

The  Ballistic  Rosearoh  Laboratories have  designed  ..  *.5"  lethality 
round  which  enables  one  to  place  a  variety  of  materials  in  a  container  plaoed 
eround  the  br.>c>  cf  the  liner  as  shown  in  Figure  1.  The  meoimniem  involves  the 
projeotlon  by  a  shaped  charge  round  of  materials  through  a  perforation  made  in 
a  target  by  its  jet.W'5' 

For  this  experiment,  the  follow-through  material  consisting  of  3000 
l/fi*  steel  balls  was  pieced  in  the  oontainer,  and  flash  radiographs  of  the 
region  preceding  the  slug  were  obtained*  Figure  2  shows  the  pre-slug  region 
after  perforating  8"  of  armor  at  a  4.8"  standoff  by  a  8.5"  U28A2  rocket  wav- 
bead.  Figure  8  ls<e  repetition  of  the  same  experiment  with  a  container  filled 
with,  steel  balls.  A  comparison  of  Figures  2  and  5  shows  chat  the  ball  beam¬ 
ing*  have  been  projeoted  through  the  target  plate. 

.  fas  effectiveness  of  this  type  of  round  in  the  projeotlon  of  lethal 
materials  whloh  eje  possibly  toxio  or  inoendiary  has  beso  illustrated  by  these 
radiographs. 


(1)  Breidenbach,  H.  I.,  end  Gehring.  J.  T&a.#  Fxirthar  Studies  of  Moth'*—  for 
Increasing  the  Destructiveness  and  Leth&lliy'  of  Lined  fcovlyy  Charges. 
SJffT'95T,  APO,  Md«  ,  August  19155. 

(2)  Breidenbach.  H,  I,,  A  Study  of  a  Method  for  Increasing  the  Lethality  of 
Shined  Charges,  transoctions  of” Symposium  on  Shaped  nj >- ge a. '  held  at  th** 
3R!.,  f  rtTCsceoier  1955,  APG,  Md„  BRL  9(^5* 

(?)  SiBoa,  J*,  Flash  Radiographs  of  Shaped  Charges  for  Increased  Lethality  (U), 
BSLX  912,  AWrid.  August  1966. 

*Seoeivsd  l  August  195 -J . 
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Figure  1 

.  .  dembly  and  components  of  the  modified  3.  5"  M28A2,  chemical  container  round, 
iiodel  JO.  The  location  ol  the  steel  bails  may  be  seen  in  the  assembly. 
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Flash  radiographs  of  the 
slug  from  a  3. 5"  copper 
llnei  ti  rough  a  3"  homo¬ 
geneous  armor  target  at  an 
ogive  standoff  of  4. 3".  '» he 
a'  sence  of  any  appreciable 
amount  of  fragments  pre¬ 
ceding  the  slug  car.  be  noted. 
Compare  with  Figure  3. 


Figure  3 

Flash  radiographs  of  the 
"follow  through"  material 
projected  through  a  3" 
in  nvwer.eous  armor  target 
at "ouilt-in”  ogive  stand¬ 
off  at  4. 3".  The  roup.* 
ilred  through  this  target  was 
a  3.  5”  M2842  modified 
cf.emical  container  round. 

As  a  witnessing  mechanism, 
30C0  -  i.'3"  s‘eei  b..lU>  were 
placed  in  the  container. 
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FUSH  RADIOGRAPHS  OF  RALLS  PROJECTED  THROUGH  ARMOR 
FROM  A  1C6MM  SLEEVED  SHAPED  CHARGE  LISEK* 

J.  S  '.  'mon 

Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Maryland 

The  Ballistio  Research  Laboratories^)^  •  (8)  ha'*-  shown  the  feasibility 
of  sleeved  liners  for  shaped  charge  applications.  A  soaled-up  version  of  the 
1-5/8"  rc>v«»d,  the  modified  106 an  round,  shown  in  Figure  1  was  examined  by 
means  of  flash  :  ..dlographyW  to  determine  whether  the  collapse  meohanism  and 
Jet  formation  was  essencially  the  **«“  reported  for  the  1-5/8*  round. 

Radiographs,  shown  in  figures  2  and  3,  of  the  pre-slug  region  of  a  stan¬ 
dard  lOSssa  T-1S8,  and  a  106am  lethality  round  with  an  ogive  and  aluminum 
oapped  liner  containing  320  l/e"  steel  ball*  are  oompored  in  free  flight.  The 
lethality  liner  radiograph,  Figure  3,  shows  the  steel  balls  after  they  have  . 
funneled  through  the  ogive  followed  by  the  oollapaed  aluminum  cap  carrier  and 
.‘lug. 


The  same  rounds  were  fired  at  a  built-in  ogive  standoff  of  8"  through  8" 
of  homogeneous  armor.  The  radiographs,  Figures  4  and  5,  give  niailer  results 
to  those  of  Figures  2  and  3.  An  may  ba  observed  in  Figure  5,  the  radiograph 
of  a  sleeved  liner,  the  addition  of  balls  in  the  lower  portion  of  the  sleeve 
has  resulted  in  sueoeesful  projection  through  the  hole  made  in  tha  armor  tar¬ 
get.  The  dlvsrgenoe  of  the  ball  spray  my  be  observed,  end  the  extra  material 
going  through  the  hole  contributes  additional  fragnents  near  the  axis  of  the 
hole. 


(1)  Breldenbaoh,  H.  I.,  A  Method  for  Increasing  the  Destruotiveness  end 
Lethality  of  Lined  davlty  fliiarges,  Bftl  84&,  APS, ""lid,  ?etruaryT95XT 

(2)  Breidenuauh,  H.  Z«,  A  Study  of  a  Method  for  Increasing  the  lethality  of 
Shaped  Charges,  Transactions  of"" Symposium  on  Shaped  Charges ^  keli’  ac  1>5l, 
7*3lDsoember  1953,  URL  509,  APG,  Ud» 

(3)  Breldenbaoh,  H,  I,,  and  Gshring,  J.  Tfa,,  Further  Studies  of  Methods  for 

Increasing  the  Destruotiveness  and  Lethality  of "r-inTfSavIty  ft  Large  • 
ffS  E  ’  '^‘lV '  ,A  ugV,'s  t  1955. 

(4)  Simon,  J.,  Flash  Radiograph?  of  Stoned  Charge  tm  Increased  '.u^tollty  'U), 

BRU1  912,  ,‘Tugust'  1955. 

♦Received  1  Augur t  1955, 
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STS,  5U.  CONE  •- 


CHJRAL  SLEEVE  EXTENDING, 
TO  BASE  CF  CONE.  80 
HOLES  EVENLY  SPACED 
WITH  .004*  WALL 
BETWEEN  HOLES  TO 
BE  ONILLED  AROUNO 
PERIPHERY,  EACH  TO 
BE  FILLED  WITH  8  .128* 
OIAM.  STEEL  BALLS. 

A  BEAO  OF  SOLDER 
AROUND  BASE  WILL  HOLD 
BALLS  IN  PLACE. 


-NOTE*  STEEL 
WALL  CUT  BACK 
AT  AN  ANSLE 
TO  ALLOW  ROOM 
FOR  CAP. 


3.  843"  " 


Figure  1 

A  sketch  t-1  the  experimental  106  ram  sleeved,  ball-projecting  round. 
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Figure  2 

Flash  radiographs  allowing  tits  slug 
(rom  a  105mm  drawn  copper  liner 
ar.d  the  secondary  fragments  pre¬ 
ceding  the  slug.  This  round  was 
fired  without  any  target  being  placed 
In  the  path  of  the  jet.  A  comparison 
with  Figure  3  shows  the  aosonce  of 
Urge  numbers  of  fragments. 


Figure  3 

Flash  radiographs  of  the  jet,  steel 
balls,  aluminum  sleeved  carrier 
and  slug  of  the  106mm  sleeved  liner 
t-'sign.  These  radiog’-aphs  illus¬ 
trate  the  "lollow  ihrou?* "  applica¬ 
tion  without  any  target  In  the  path 
of  the  let.  The  secondary  fragment 
sj.Mv  -onstsls  o:  many  of  the 
original  320  -  1/8”  stee!  balls. 
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Figure  4 

Fliuh  radiographs  ol  a  105mm 
standard  dram  copper  liner  after  St 
has  bean  fired  through  6"  of  homo¬ 
geneous  armor  at  an  8"  ogive  stand¬ 
off,  The  region  preceding  the  alug 
shows  vory  few  fragments.  That 
figure  should  be  compared  with  F!p- 
ure  5. 


i 


Figure  5 

Flash  radiograph  of  a  lC6ir>"' 
sleeved  itner  ball  design  c**«r  <*  has 
penetrated  8"  of  nomogeneoai  armor 
at  an  ogive  3tandoff  of  8".  The 
"follow  through"  principle  has  not 
been  destroyed  by  placing  armor  in 
path  of  the  Jet.  The  secondary 
fragments,  "juiulnum  sleeved  liner 
and  stag  appear  in  the  same  *tme 
sequency  as  seen  in  Figure  3. 
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Effect  of  tlie  Fuse  Conduit,  on  the  Long  Standoff  Perfonnaare 
of  the  M31  Rifle  Grenade  Charge*  ** 

E.  C.  Hutschler 

Carnegie  Institute  of  Technology,  Vittfibur^t .  Pennsylvania 


In  the  course  of  shooting  a  penet,  ation  versus  standoff  cur  a  ;? 
the  M31  rifle  grenade  charge,  a  parked  correlation  vas  noted  to  exv:f-, 
particularly  at  long  standoffs,  between  the  direction  of  the  "keyhole'1 
in  the  target  and  the  orientation  of  the  charge.  At  standoffs  of  li* 
in.  or  longer  the  jet  appears  to  produce  a  second. rj  penetration  in  the 
side  of  the  hole  (the  hole  resembles  a  keyhole)  in  the  direction  of  the 
fuse  re  adult  in  the  charge.  This  effect  (keyholing)  is  known  to  result 
from  a  jet  which  has  its  back  section  displaced  laterally  from  the  front 
section,  causing  it  to  penetrate  the  target  at  a  different  point. 

The  fuse  conduit  is  a  3/32  in.  square  brass  tube  that  extends  along 
the  inside  of  the  metal  charge  body  from  the  nose  fuse  at  the  front  of 
the  ogive  to  the  detonator  at  the  far  end  of  the  charge.  This  tube  passes 
through  a  slot  cut  into  the  liner  base  and  is  soldered  in  position  at  this 
point  and  at  several  other  places  along  the  charge  body. 

For  charges  shot  at  a  lb  in.  standoff,  6  out  of  10  shots  produced 
keyholes  in  the  direction  of  the  fuBe  conduit.  For  the  18  in.  and  22  in. 
standoffs,  9  out  of  10  aud  8  out  of  10  shots  respectively  produced  the 
same  of foe a.  In  addition,  the  direction  of  the  slug,  as  indioated  by 
the  mark  it  makes  on  the  target,  likewise- correlated  with  the  orientation 
of  the  fuse  conduit;  the  direction  is  opposite  that  of  the  keyhole,  as 
would  be  expected.  For  the  30  shots  at  the  standoffs  Mentioned  above, 

2b.  slug  marks  occurred  in  a  direction  away  from  the  fuse  conduit. 

It  appears  certain  from  the  correlations  note  .  above  that  the  fuse 
conduit  contributes  significantly  to  the  relatively  poor  performance  of 
the  MJl  charge  at  long  standoffs.  However,  performance  at  such  standoffs 
is  not  important  unless  skirting  plates  are  used  as  a  defense  against  this 
weapon.  It  can  be  seen  from  the  penetration  standoff  curve  that  a  12  in. 
skirting  plate  would  reduce  the  penetration  by  approximately  50  percent 
(from  31.6  in,  to  approximately  6  in.) ,  'The  reduction  in  penetration  due 
to  the  fuse  conduit  alone  cannot  be  estimated,  but  the  extent  of  the  key¬ 
holes  and  the  strong  correlation  note  indicate  that  it  is  probably  a  con¬ 
siderable  fraction  of  the  total. 


The  work  described  in  this  paper  was  carried  out  under  Contra;  „  Ko. 
DA»3--06l-0RD-b53  with  Ballistic  Research  Laboratories. 

**Rac6iv9d  9  August  1S55 
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FLASH  RADIOGRAPHIC  15XAMINA:iON  OF  JETS 

FROM  lOStiu  SHELL  HEAT,  U19E11 

J,  S Imon 
L.  2>;rnow** 

Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Maryland 

Firings  conduoted  in  connection  with  the  lenha program  of  the  Ml  44 
HEAT  shall  gave  average  penetrations  into  homogeneous  armor  of  i7.6"  dynamically 
and  14, V'  statically,'^)  Since  the  sh*ll  rotated  approximately  v!6  rpa***  at 
target  impact  in  the  ballistic  firings,  a  possibility  of  spin  compensation 
existing  in  these  liners  was  explored  to  determine  whether  it  contributed  ro 
the  ballistic  penetration  Improvement  over  the  static  penetrations. 

Representative  samples  selected  from  the  remaining  ammunition  were  made 
available  for  the  fl.  ah  raoiography  of  jets  from  these  liners.  Throe  rounds 
with  nose  cap  and  fuse  crystal  iateot  were  flrod,  and  the  jets  radiographed 
at  the  sere  spin  rate  (0  rps)  and  atflo  rps.vs*  Figures  1.  S  und  3  show  that 
the  effeot  of  rotation  on  the  photographed  jet  is  symmetric  about  the  sero 
spin  rate.  These  observations  ruled  out  the  possibility  of  spin  compensation 
accounting  for  the  improved  ballistic  performance  over  the  statio  penetration. 

It  was  thought  that  the  noss  oap  and  fuse  orystal  element  might  be  In  the 
way  of  .the  jot  on  the  statio  t«sts,  but  removed  from  the  path  of  jet  in  the 
ballistio  tests*  Figure  4  is  the  ploture  of  a  jet  from  a  round  fired  at  a 
sero  spin  rate  with  the  front  part  of  the  ogive  removed  and  shows  that  the  jet 
is  slightly  broken  up  longitudinally.  The  degradation  of  the  jet  by  the  front 
part  of -’ti»  round  and  any  secondary  interference  which  might  result  from  the 
cry# tel  element  is  seen  to  be  very  slight,  (o.f.  Figures  1  and  4). 

.  ,x  The  slight  degradetion  of  t"*  jet  by  the  nose  oap  and  fuse  indicated  by 
theso-radlographic  observations  is  in  qualitative  agreement  with  the  1H  dif¬ 
ference  lit  penetration  observed  (15.2"  without  fuse  end  14.2"  with  furs).'2) 

' Thus  the  tipis  oap  and  fuse  cannot  account  for  all  the  difference  between 
statio  and  dynamic  shots. 


(1)  Fifty-sixth  Progrest'  Report  of  the  Firestone  Tire  and  Rubber  Company  on 
Battalion  Anti-Tank  Project  under  Contract  Ho.  DA-33-019-CR3.120S, 
stone  Tire  and  Ruober  Company,  Defense  Research  Division,  A&r  will  Ohio, 
•!&ro>.  1955. 

(2)  Verbal  communication  by  Dr,  H.  Winn,  Firestone  Tire  and  Rubber  Company, 
Doi'vase  Research  Division,  Akron,  Ohic . 

*  Received  2  August  1955, 

**  Dr-.  Zernow  is  now  with  Aerojet-General  Corporation,  Asusa,  California, 
we  The  convention  for  algebr;  Ir  r.ign  of  the  di.johioa  of  rotation  has  boen 
taken  68  posit  .vo  if  rotation  of  the  projectile  Is  clockwi3e  when  vic-wvi 

* rom  the  r-sr.  This  is  the  normal  situation  for  h-  „*)lery  with  a  ritrht 
head  twist  of  rifling,  .  . 
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Figure  1 

Flash  radiographs  nt  tie  Jet 
from  a  llttmm,  T119  Urcr. 
The  rcuo.-  was  tired  statically 
The  dost  cap  and  fuse  crystal, 
element  ter?  oa  the  ogive  la 
this  firing. 


Figure  2 

Flash  radiographs  of  the  Jet 
from  a  106mm,  TUS  liner. 
The  round  was  rotated  at  +15 
rps.  The  nose  cap  and  fuse 
crystal  element  were  la  tn» 
path  of  the  Jet  la  this  firing. 


Flash  radiographs  ot  the  jet 
from  a  106mm,  TUO  liner. 
The  round  was  rotated  at  -15 
rpa.  The  pose  cap  and  fuze 
crystal  element  wore  ir  the 
path  of  the  Jet  la  this  11  ring. 
This  Jet  is  similar  to  that  ox 
Figure  2,  (rotated  +15  rnsl, 
showing  symmetry  about  the 
noc-rotaUd  frequency  axis. 


Flash  radlogr.'jla.  of  the  jet 
from  a  106a  n,  TU9  tlr.-’r. 
The  round  was  fired  statically 
with  the  nose  cap  and  fuze 
crystal  element  removed. 
Compared  with  figure  1,  the 
Jel  "1  this  figuiv  more  con¬ 
tinuous,  Indicating  let  re¬ 
moval  r  pass  mg  through 
+cac  cap,  and  fuze  element. 
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Preliminary  Evaluation  of  the  Usefulness  of  Flash  Radiographs 
for  Quantitative  Jet  Studies*  ** 

K.>  A.  K si  me  s 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pennsylvania 


t  Exploratory  experiments  we;. a  carried  out  to  ascertain  the  experimental 

'  difficulties  involved  in  the  use  of  low  voltage  flash  X-ray^-  pictures  for 

quantitative  determinations  of  jet  mass,  elongation  and  fracture.  The  re¬ 
sults  were  used  solely  to  check  the  methods  employed  rather  than  to  support 
or  dispute  data  previously  obtained  by  other  methods. 

The  standard  3.I.T.  charge  containing  the  M9a1  steel  cone  was  used  for 
the  investigation  because  much  information  is  available  regarding  the  per¬ 
formance  of  this  typo  of  charge*  which  provided  a  check  on  the  results  ob¬ 
tained  by  the  X-ray  stud-  , 

The  conditions  which  limited  the  accuracy  of  the  measurements  veret 
*  (1)  Variations  in  the  oharge,  (2)'  Variations  in  the  timing  circuit. 

(3)  Multiple  exposures,  (it)  Movements  of  the  particles  during  the  ex¬ 
posure  time,  ($)  Differences  in  density  due  to  variations  in  the  inten¬ 
sity  of  the  X-ray.  (6)  Observational  error  due  to  the  judgment  of  the 
i  '  observer  in  determining  the  true  boundaries  of  the  particles,  (7)  Magni¬ 

fication  faotor. 

,  The  variation  in  the  position  of  the  tip  of  the  Jet,  which  is  an 

indication  of  the  extent  of  (1)  and  (2)  above,  was  about  2  per  cent. 

Many  of  the  multiple  exposures  were  eliminated  from  the  study  because 
'*  ,  successive  portions  of  the  jet  particles  overlapped  making  the  actual 

boundaries  of  the  particles  too  much  ir.  doubt.  The  orror  due  (It)  was 
negligible  since  the  exposure  time  was  very  short.  The  variations  of 
{Si  produced  some  under-exposures  for  which  there  was  a  tendency  to  con¬ 
sider  the  particle  larger  tk  a  It  actually  was  and  some  over-exposuras 
for  which  the  tendency  was  to  consider  the  particle  mailer  than  its 
true  site.  Although  these  under-  and  over-exposures  should  cancel  to 
same  extent,  this  is  nevertheless  considered  to  be  th9  moot  serious 
source  of  error.  An  estimate  of  the  error  due  to  (6)  was  obtained  by 
having  several  individuals  measure  the  particle  area  on  a  given  section 
of  each  picture.  The  error  thus  obtained  for  the  pictures  used  in  this 
study  was  10  to  1*J  per  cent,  Ike  magnification  factor  was  computed  "3 
corrections  made  therefor. 

The  results  gave  some  indication  that  the  jet  particles  lengthen  after 
I  the  initial  fracture;  however,  this  is  considered  doubtful  due  to  the  un~ 

,  certainty  ,jf  the  measurements,  M though  the  data  of  this  first  exploratory 

j  experiment  shoved  a  great  deal  of  variability,  ih*  results  in  general  seen 

,  to  agree  with  data  previously  obtained  by  other  methods.  There  ir  .n  appar- 

;  est  need  for  refinements,  but  with  improvements  the  methods  used  here  give 

j  ’  premise  of  yielding  reliable  information.  Therefore,  a  similar  study  is 

j  being  carried  out  using  X-ray  picture?  which  aooear  tu  oe  of  more  uniform 

|  density  and  a  3.23  in,  dianeter  copper  cone  which  will  give  larger 

•  ,  ard  thu3  reduce  the  percentage  error  in  the  measure. ent?, 

^  **Roceivcd  9  A-iguat 
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The  work  described  in  this  paper  vas  carried  out  under  Contract  Ho. 
DA-36-061-0 RD-1j53  with  Ballistic  Research  Laboratories  and  was  reportt., 
in  the  Third  Quarterly  Status  Report,  July  31,  1955. 

^-J.  J.  Passek,  B.  C.  Taylor  and  J.  L.  Squier,  "Low  Voltage  Flash 
Radiography,"  B.R.L.  Heraorsuduir  *-tpt .  No.  61*5,  February  1953,  Aberdeen 
Proving  Grqund. 

^R.  J,  Eiohelberger,  "Re-Examination  oi  the  Theories  of  Jet  Formation 
and  Target  Penetration  by  Lined  Cavity  Charges,"  CEL  Rpt.  No,  1,  Contract 
No,  DA-36-06l-0RD~39li,  Carnegie  Institute  of  Technology,  June  195*4. 


CONFIDENTIAL 


RADIOURAHY  OF  STEEL  TARGETS  '10  MEASURE  THE  FSlP-'iSATIOK  OF  JETS* 

-  J.  M.  Hep, an 

J.  J.  F.  *rek 

Ballistic  Reseeroh  Laboratories 
Aberdeen  Proving,  Ground,  Uaryland 

Reoout  discussions  at  the  Shaped  Charge  Committee  Meetings  have  aroused 
Interest  in  the  methods  used  for  the  determination  of  depth  of  penetration  in 
targets . 

The  target  most  oommonly  used  at  the  present  t5.ce  at  BRL  is  a  «taok  of 
fl"  x  6”  %  3*  blooks  and  the  penetration  is  determined  by  counting  the  number 
of  blooks  completely  penetrated  and  adding  to  this  the  penetration  into  the 
final,  partially  penatratad,  block.  The  block,  partially  penetrated,  is  out 
through  the  oentsr  of  the  hole  thus  exposing  the  depth. 

Hhen  steel  eylindors  are  used  at.  targets  the  Aeterwiaatioa  of  tha  depth 
of  penetration  is  more  diffioult.  It  is  necessary  to  out  transversely  some¬ 
where  near,  but  above,  the  bottom  of  the  hole  and  than  out  longitudinally  to 
expoea  the  depth. 

In  an  effort  to  find  some  oasier  way  to  measure  the  depth  of  penetration 
into  steel  cylinders,  radiography  has  been  suggested.  The  Ballietio  Rosearoh 
Laboratories  eosduoted  a  simple  experiment  to  determine  the  feasibility  of 
radiography  for  this  purpose.  Steel  blooks,  from  the  same  steel  supply  used 
for  t*rgots,were  exposed  to  a  one  (1)  curia  Co60  souroe  for  20  hours  using 
Kodak  type  U  film.  Although  the  depth  of  penetration  was  readable  to  the 
nearest  one-eighth  inch, the  radiographic  quality  was  poor* 

However*  we  believe  improved  nt«  could  be  wade  in  tho  quality  by  proper 
Shielding  from  scattered  radiation  and  tha  use  of  sore  sensitive  films.  Fur* 
thermo  raj  the  radioactive  source  would  require  the  construction  of  a  special 
housing  facility.  In  any  case  thara  is  no  incret-je  iu  precision  of  measure- 
meat  and  no  decrease  in  the  vims  neoessary  to  obtain  tho  final  measurement. 

Since  radiography  offers  no  advantages  over  the  method  presently  used 
here  at  thoso  laboratories, its  use  is  not  contemplated.  However,  at  instal¬ 
lations  where  heavy  duty  power  tools  are  not  available  for  cutting  bloo:<a,  a 
system  of  this  sort  may  be  particularly  useful. 


aRoceived  15  August  l$5o 
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Improvements  in  Light  Leakage  and  Light  Source  Intensity  for 
Kerr  Cell  Photography*  ** 


E.  C,  Mutschler,  T,  P,  Murray  and  M.  A. 
Carnegie  Institute  of  Technology,  Pittsburgh, 


Ho.lme3 

Pennsylvania 


In  Kerr  cell  photography  it  is  desirable  to  eliminate  light  leakage 
as  completely  as  possible.  Therefore  a  system  consisting  of  a  polaris¬ 
ing  filter,  a  Kerr  cell,  a  second  polarising  filte,  -.dth  its  axis  crossed 
at. 90  voy.  to  the  first,  another  Kerr  cell,  and  a  third  filter  with  its 
axis  parallel  A  the  first  was  examined  as  a  possible  replacement  for 
the  usual  single  cell  with  two  crossed  filters1. 

From  photographs  it  estimated  that  two  polarising  filters  with 
their  axes  parallel  end  one  with  its  axis  at  90  deg.  to  the  other  two 
permitted  light  leakage  about  100  times  less  than  two  filters  with  their 
axes  crossed  at  90  degrees.  However,  readings  obtained  by  using  a  photo¬ 
cell  and  galvanometer  show  that  three  filters  with  their  axes  parallel 
transmit  only  67  per  cent  as  much  light  as  two  filters . 

To  take  advantage  of  this  better  closing  of  the  Kerr  cell,  it  uotl d 
be  necessary  to  aacrific*  about  one-tldrd  of  the  light  available  when 
only  two  filters  are  used  plus  the  amount  of  light  lost  due  to  the  nitro- 
ben sene  in  the  additional  cell. 

Consequently,  an  attempt  was  made  to  develop  a  light  source  of  , 
greater  intensity  and,  if  possible,  shorter  duration  than  the  exploding 
wire  being  used  with  two  po?^.o*is.  Wires  of  different  material  and  \  „ 
size,  metal  ribbons,  paper  moistened  in  water  or  acid  and  coated  with 
powdered  metals,  and  a  glass  plate  over  wldch  a  spark  could  glide  were 
tested  in  the  exploding  wire  circuit.  This  circuit  includer  a  3  micro¬ 
farad  condenser  which  is  charg  d  to  23  kilovolts  and  discharged  through 
*  wire  causing  the  wire  to  explode  and  thus  create  a  light  source  of 
very  high  intensity",  a  iq  centimeter  length  of  0,005  in,  aluninuw 
wire  ia  „enerau y  used  and  the  materials  tested  were  compared  to  this 
as  a  standard* 

The  beat  results  were  achieved  using  the  0.005  in.  aluminum  wire 
sandwiched  between  two  1/6  in.  thick  glass  plr.tes  and  viewed  through 
the  plates.  Oscillograms  show  that  the  peak  light  obtained  f"<vn  thi- 
arrangement  is  2,5  to  3  times  that  of  the  aliadnum  wire  alone  ar**  that 
the  duration  cf  the  peak  is  only  .about  0,6  that  of  the  aluminum  wire 
alone.  These  results  were  verified  in  a  similar  circuit  with  a  3  micro¬ 
farad  condenser  at  20  kilovolts.  Hue  to  the  glass  plates,  the  luainouo 
envelop  surrounding  the  wire  presents  a  greater  area  and  more  light  in 
the  direction  of  the  photocell  pickup.  The  short c*  duration  may  ba 
attributed  to  ft  quenching  action  by  the  shattering  glass. 

♦♦Seoeived  24  Hay  1955 
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'The  work  described  in  tnis  paper  was  carried  out  under  Contract-  No. 
DA-36- 06l-0fti>-l)53  with  Ballistic  Research  Laboratories. 

|  ^H.  Schardin  and  E.  Funfer,  "Renort  on  tho  Fundamentals  of  Spark- 

I  Cinematography,"  Zeitachrlft  fur  Angewandte  Physik,  1*  Band,  Heft  6, 

!  June  195Z. 

,  p 

i  S.  Fonsr,  R.v,  Heine-Gelder..  and  E.  C,  Mutschler,  "High  Speed 

I  Photography,"  Fundamentals  of  Shaped  Charges,  Eighteenth  Bimont-blv 

;  Report  (CII-ORL-21) ,  Part  H,  p.  80,  Contract  Wo,  ¥,>6-06l-0RD-2879 , 

June  30,  191*9. 
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Strain-Free  Cells  for  Kerr  Ce.JL  -holography’  *» 

M.  A.  Holmes,  T.  P,  Murray  and  E.  Z,  Mutschler 
Carriegie  Insitute  of  Technology,  Pittsburgh,  Pennsylvania 
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Considerable  difficulty  has  been  encountered  in  obtaining  the 
strain  freo  absorption  cells  necessary  for  Kerr  cell  photography. 

Very  high  requirements  must  be  placed  on  ha  optical  properties  of 
the  cell  to  achieve  a  minimum  of  light  transmission  when  the  cell 
ia  placed  between  crossed  polaroide  .  If  these  requirements  are 
not  met,  light  leakage  during  the  exploding  of  the  wire  light  source 
(approximately. 50  mic’^saconds)  will  cloud  a  photograph  taken  with  a 
Kerr  cell  opening  of  less  than  one  microsecond. 

From  an  ord*"  for  seven  strain  free  colls,  none  were  usable  due 
to  the  above  failure.  For  this  reason  it  was  decided  to  construct  a 
cell  using  as  a  cement  a  sodium  silicate  end  talcum  mixture?.  No  heat 
Is  required  for  such  ‘a  seal  arid  thus  the  possibility  of  inducing  strains 
in  the  cell  is  reduced. 

Glass  1/2  in.  thick  was  used  for  the  bottom  and  sides  of  the  cell 
to  provide  considerable  areas  of  contact,  whilo  the  front  and  rear  pieces 
were  of  1/8  in.  thickness  because  thinner  glass  is  Isas  likely  to  contain 
strains.  A  mixture  of  sodlua  silicate  and  talcum, approximately  the  con¬ 
sistency  of  molasses,  was  used  as  a  binder.  Extensive  experiments  to  de¬ 
termine  the  optima  ratio  of  sodium  silicate  to  talcum  were  not  carried 
out,  but  apparently  a  wide  range  of  mixtures  would  be  satiafaotory. 

This  binder  was  alao  found  to  be  effective  for  joining  glass  to 
bress  and  ons  call  was  made  using  brass  for  the  main  part  of  the  body 
wltb  thin  glass  windows  cemented  to  the  ends. 

When  tested  between  crossed  polaroids  no  indication  of  strain  could 
be  detected  in  cells  made  with  the  sodium  uilicate  and  talcum  cement.  In 
addition  to  the  test  for  strains,  the  oell  was  also  filled  with  nitroben¬ 
zene  and  allowed  to  stand  more  the.  a  month  to  determine  whether  the  nitro¬ 
benzene  would  creep  through  the  cemented  area.  At  the  end  of  this  period 
of  time  no  leakage  could  be  detected  although  the  seal  can  be  completely 
dissolved  in  water. 

•Ho calved  24  Way  1955 

**Th*  work  described  in  this  paper  was  carried  out  under  Contract  No. 
M-36-061-0RD-JI53  with  Ballistic  Research  Laboratories. 

*R«v.  Heine-Geldern,  "High  Speed  Photography,*"  Fundamentals  of  Sh'.p^d 
Charges,  Fourth  Bimonthly  Repoii  (CIT-ORD-3?) ,  p.  9,  Contract  No,  DA-36- 
061-0RB-122,  June  30,  1952. 

2 

H,  Svhardin  and  E,  Funfer,  "Report  on  the  Funds- iutals  of  Spark- 
Cinematography,"  Zeitschrift  fur  Angevandte  Physlk,  U  Band,  Heft  6, 

June  195?. 
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USE  OF  SHAPED  CHARGES  £'  FKOTOFLASK  BOi-inS* 

Q,  R.  Handrick  and  E,  L,  Kreidl 
Arthur  D.  Little,  Inc, 


3h  connection  with  the  study  on  photoflesh  bombs,  it  appears  that 
the  light  emission  of  only  a  rather  thin  layer  of  the  cloud  of  burning  or 
luminescent  metal  powder  will  contribute  to  the  illumination  of  ths  ground. 

It,  therefore,  was  believed  desirable  to  devise  means  for  spreading  a  photo¬ 
flash  or  metal  powder  into  a.  relatively  thin  sheet  to  obtain  better  use  of 
the  light  emitted  from  the  burning  particles  and  incandescent  combustion 
products.  Some  preliminary  experiments  have  shown  that  a  crude  vsrsion  of  a 
shaped  charge  design  can  be  quits  effective  in  achieving  this.  Double  channels 
of  alumina,  sheet  were  fabricated  with  90*  and  with  19*  angles  and  filled  with 
magnesium,  aluminum,  or  inert  simulants,  such  as  aluminum  oxide.  The  channels 
were  in  the  form  of  a  straight  line  charge  of  circular  or  polygonal  shape. 

High  speed  photographs  (3000  frames/sec  and  6ii  frames/sec)  gave  an  indica¬ 
tion  that  even  in  a  crude  design  the  metal  can  be  thrown  into  a  significantly 
flatter  and  longer  pattern  than  possible  in  conventional  design.  The  draw¬ 
ings  illustrate  the  general  shape  of  the  items,  and  comparative  sizes  of 
burning  clouds  produced  at  approximate  peak  illumination.  The  clouds  shown 
here  wore  viewed  side  on  with  a  slow  motion  color  camera.  Addition' 1  work  is 
planned. 


This  work  was  done  in  co-operation  and  under  contract  with  the 
Pyrotechnics  Section  of  Picatinry  Arsenal,  and  ha3  received  Project  Officer 
approval  for  publication  in  the  Shaped  Charge  Journal, 


^Received  2  June  1955 
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SHAPED  CHARGES  FOR  PHOTOFLASH  BOMBS 


It**  2.  Scales  1/6"  •  1" 


Itw  5.  Seal*  i  l/if  •  1" 
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CALENDAR  OF  COMING  E’^Ni'S 


Listed  hei-e  are  events  of  general  interest  to  those  working  ,.n  this 
and  related  f voids .  Further  information  about  the  settings  listed  below 
can  be  obtained  by  writing  to  the  ■  ddressee  indicated  in  parentheses.  In¬ 
formation  concerning  other  Buch  events  for  listing  will  be  appreciated. 


OCTODER 

11  -  12  Eighth  regular  meeting  of  the  Ordnance  Corps  Shaped  Charge 

Research  and  Development  Steering  and  Coordinating  Committee, 
Detroit  Arsenal,  Center  Line.  Michigan  (Office,  Chief  of 
Ordnance,  Department  of  the  Army.  Washington  2‘),  D.  C.,  Mr. 
Melvin  C.  Miller,  ORDQB). 


ABSTRACT 


INDEX  CARDS 


First  Section 


This  first  section  consists  of  index  file  cards,  each  hearing  a. 
brief  abstract  of  a  technical  report,  paper,  or  progress  summary  ap¬ 
pearing  in  this  issue  of  the  Research  Report. 

It  is  intended  that  these  cards  can  be  removed  for  filing  if 
desired.  However,  for  secux'ty  purposes,  since  the  abstract  may  be 
classified,  provision  is  made  for  retaining  the  signature  and  identi¬ 
fication  of  the  person  removing  the  index  card. 
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The  Effect  of  Shaped  Charges  at  Long 
standoff  Against  Aircraft 


Abstract  Card  Ho.  i  CONFIDENTIAL 

G.  C.  Report 
Ho. 

Ocr-obei  1^5 

R.  G.  S.  Sewell,  L.  If.  Cosner,  J.  Pearson, 

U.  S.  Naval  Ordnance  Test  Station,  China  Lake,  Cail^crnia 

The  Naval  Ordnance  Teat  Station  is  continuing  the  in¬ 
vestigation  of  the  effects  of  shaped  charges  at  long 
standoff  against  firm  eft  structures.  The  damage  mecha¬ 
nisms  arc  described,  a  -  an  attempt  is  made  to  explain  the 
processes  active  in  producing  vaporiflo  explosions.  The 
results  of  recent  firings  against  aircraft  structures  prove 
conclusively  that  shaped  charges  can  produce  immediate  or 
K-type  kills  against  bomber  style  aircraft  by  means  of 
vapor if ic  explosions. 


5  pp.  0  figs. 
Abstract  Card  No.  2 


CONFIDENTIAL 


3.  C.  Report 
No.  l|-55 
October  1  y?j 


The  Effect  of  Siiaped  Cnargea  at  Long 
Standoff  Against  Aircraft 

R.  G.  S.  Sewell,  L.  N.  Cos net,  J.  Pearson, 

U.  S.  Naval  Ordnance  Test  Station.  China  Late,  California 

The  Naval  Ordnance  Test  Station  1b  continuing  the  in¬ 
vestigation  of  the  effects  of  shaped  charges  at  long 
standoff  against  aircraft  structures.  The  damage  mecha¬ 
nisms  are  described,  and  nr.  attempt  is  made  to  explain  the 
processes  active  in  producing  vaporific  explosions.  The 
results  of  recent  firings  against  aircraft  structures  prove 
conclusively  that  shaped  charges  can  produce  linmediE.te  or 
K-type  kills  against  bomber  style  aircraft  by  means  of 
vaporific  explosions. 
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U.  8.  Naval  Ordnance  Test  Station,  Chinn  Lake,  Ca'ifornia 

The  Naval  ;>rdnance  Test  Station  is  continuing  .he  in- 
vestigation  of  the  effects  of  shaped  chargee  at  long 
standoff  against  aircraft  structures.  Tie  damage  mecha¬ 
nisms  ere  described,  and  an  attempt  is  made  to  expla'r  the 
processes  active  in  producing  vaporific  £■'  losions.  The 
results  of  recent  firings  against  aircraft  structures  prove 
conclusively  that  Shaped  charges  ce.i  produce  immec,  *ln  or 
a-  />*  flla  pgulr.st  bwiaber  style  alrciait  by  . 

vaporific  explosions. 


J?Ri 


0  firs. 


•<u9 


CONFIDENTIAL 


Abstr' el  C-i'j,  Vo. 


CONFIDENTIAL 


I  a) 

1  «  * 

.§&£ 

^  -p  o 

w.1  **5  ^ 

*  •  *>1  U 

p  o  »i  «s  *a 

UA  n  <  «H  O  O 

H  M  o  $  43  -c? 

FI  8  ,  3  5 

°  f,  gi  I  g 

a  §8;1 

« |'5r  5 

S  (4  -H  -0  15, 

f- ,sj  ?  •  -g 

*  6 

n  s|  <5 

P  i  & 3 

fv*  ago* 

*.5  ■?  o  -e  S 

at  it 


■1* 

in 


1 1  *-3 

r .  ii 
!°58 


a 

If  i 
I”  3“S 
|3|! 

1®  |1 

•  s 

S3  3. 
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CoimP :  t.heu :  ALjtr.vol,  of  Proceedings,  First 

::ulf  vf  1-77. 


S.  C.  Repoit 
No.  <(->;■ 
October  1°55 


0.  o.  Dunhle,  Plce.ti.ouy  Arsenal,  T'  >ver .  h.  J. 

laforretion  reported  in  the  three  meetings  slowed 
progress  in:  (l)  dissemination  of  nev  data  ( Al)i  shaped 
charge  literature  review)  (2)  improvement  ■>?  metal  parts 
t rotation  cowper.sat ton  and  investication  of  fabrication 
processes)  (3)  improvement  of  the  explosive  charge  (press¬ 
loading  investigation,  a-  salt  composition,  tandem  shaped 
charges),  (4)  defense,  lethality  and  beyond-armor  damage 
(density  law  deviation,  billets  vs  plates,  fragment 
distribution). 
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Pleat inny  Arsenal  Shaped  Charge 
Committee:  Abstract  of  Piece*1'! t-^a, 
First  Half  of  1955 


3.  C.  Report 
No.  4-5r> 
October  1955 


j  C.  0.  Dunkle,  Picatinny  Arsenal,  Dover,  N.  J. 

w  J  Information  reported  in  the  three  meetings  shoved 

8  J  progress  in:  (l)  dissemination  of  new  data  (ADL  shaped 
&  charge  literature  review)  (2)  improvement  of  metal  parts 
“*  g  (rotation  compensation  and  investigation  of  fabrication 

processes)  (3)  improvement  of  the  explosive  charge  (preco- 

I  loading  investigation,  R-salt  composition,  tandem  shaped 
charges),  (4)  defense,  lethality  and  beyond-armor  damage 
(density  law  deviation,  billets  vs  plates,  fragment 
j  distribution). 
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Picatinny  Arsenal  Shaped  Charge 

Committee:  Abstract  of  Proceedings,  '  * 

First  Half  of  1955  Octobe*  1955 

C.  G.  Ii.mkle,  Plcatij\ny  Arsenal,  Dover,  K.  u. 

Information  reported  in  the  three  me  it  mgs  shored 
progress  la:  (1)  dissemination  of  new  data  (ADL  shaped 
charge  literuture  review)  (2)  improvement  of  metal  parts 
(rotation  compensation  and  investigation  of  fabrication 
processes)  (3)  improvement  of  tne  explosive  charge  (press- 
loading  investigation,  R-salt  composition,  tandem  shaped 
charges),  (4)  defense,  lethality  and  beyond-armor  damv.ge 
(density  law  deviatior,  billet'  vs  plates,  fragment 
distribution). 
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Abstract  Card  2,'c.  1  COHPIBBRPIAL 

f  n  Rfiiioru 

Ordnance  Corps  Shaped  Charge  Research  Report  ^  ,.r.^ 

Editors:  John  ’  .  Squier,  RP.L,  APG,  Md.  October  1955 

Irving  Lieberraan,  ERL,  APG,  Md. 

Include?:  Minutes  of  Seventh  Meeting  of  Order,  .ce  Corps 
Shaped  Charge  Committee;  four  papers  presented  as  the  meet¬ 
ing:  Co.-'.ents  on  Targets  Used  at  the  Ballistic  Research 
laboratories;  Use  of  Steel  Billets  as  Targets  In  1;he  Eval¬ 
uation  of  the  Performance  of  Shaped  Charges;  Overrent  Work 
on  the  Nitrone- analog  (R.  jn.lt) of  RDX  for  Application  to 
Shaped  Charges;  The  Effect  of  Shaped  Charges  at  Long  Stand¬ 
off  Against  Aircraft;  One  Summary:  Picatinny  Arsenal 
Shaped  Charge  Committee  -  Abstracts  of  Proceedings,  First 
Half  of  1955;  and  23  Letters  to  the  Editor:  Predicted  Ef¬ 
fects  of  Confinement  on  Shaped  Charge  Performance;  The  Dis- 
tribution  of  Metals  in  a  Jet  from  a  Bi-Metal  Liner;  Note  or. 


CONFIDENTIAL 


S.  C.  Report 
No.  1)~55 
October  1955 


Abstract  Card  No.  2 

Ordnance  Corps  Shaped  Charge  Research  Report 

Editors:  John  L.  Fitter,  BhL,  APG,  Md. 

Irving  Liebermnn,  BRL,  APG,  ?id. 

Includes;  Minutes  of  Seventh  Meeting  of  Ordnance  Corps 
3hapcd  Charge  Committee;  four  papers  presented  at  the  meet¬ 
ings  Comments  on  Targets  UBed  at  the  Ballistic  Research 
Laboratories;  Use  of  Steel  Billets  S3  Targets  in  the  Eval¬ 
uation  of  the  Performance  of  Shaped  Charges;  Current  Work 
on  the  Nitroso- analog  (R-oa.lt)  of  RDX  for  Application  to 
Shaped  Charges;  The  Effect  of  Shaped  Charges  at  Long  Stand¬ 
off  Against  Aircraft;  One  Summary:  Ficatinry  Arsenal 
Shaped  Charge  Committee  -  Abstracts  of  Proceedings,  First 
Half  of  1955;  and  22  Letters  to  the  Editor:  Predicted  Ef¬ 
fect"  of  Confinement  on  Shaped  Charge  Performance;  The  Dis¬ 
tribution  of  Metals  in  a  Jet  from  a  Bi-Metal  Liner;  Note  .... 
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Irving  Lleberman,  BRL,  APG,  Md. 

Includes:  Minutes  of  Seventh  Meeting  uj.  vii'Jnnr. v •  >  y.  ■ 
Shaped  Charge  Committee;  four  papers  presented  a?  the  Met¬ 
ing:  Comments  on  Targets  Used  at  the  Ballistic  here arch 
Laboratories;  Use  of  Steel  Billets  as  Targets  in  the  Eval¬ 
uation  :t  the  Performance  of  Shaped  Charges;  Current  Work 
on  the  Nitroso-analcg  (P-salt)  of  RDX  for  Application  to 
Shaped  Charges;  The  Efiect  of  Shaped  Chart.  at  Long  Jt end- 
off  Against  Aircraft:  One  Summary:  Picatinny  Arsenal 
Shaped  Charge  Committee  -  Abstracts  of  Proceedings.  First 
hcj..r  oi  1955:  and  22  Letters  to  the  Editor:  Predi.  -  ’  Ef¬ 
fects  of  Confinement  or.  Shaped  Charge  Performance;  Dis¬ 
tribution  of  Metals  in  a  Jet  from  e  Bi-Metal  Liner;  Note  on 
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I  Abstract  Card  Wo.  1(a)  CONFIDENTIAL 

Ordnance  Corps  Shaped  Charge  Research  Report  C',Report 

No.  A-55 

■  liilHorj t  Jului  Couicr,  bRi,  APG,  Kd»  October  1055 

I  living  Liebensau,  BRL,  APG,  Md. 

i  i-f  Stool  Tnrg  ta  to  Keaau.ro  tne  Penetration  of  Jet;.;  ln- 
..  P!  proveiuoiito  in  Right  Leakage  and  light  Source  Intensity  for 
!<?  jjj|  Kerr  Cell  Photography;  Strain-Free  Celia  for  in rr  Cell 


'Photography;  Use  of  Shaped  Charges  in  Photo-flesh  Bombs. 


j  122  pp.  ,;0  figs. 

Abstract  Card  Wo.  2(a)  CONFIDENTIAL 

Oranance  Corps  Shaped  Charge  Research  Report  ?'  r't  ?epc>r^ 

No.  4-55 

Editors:  John  L.  Squier,  BRL,  APG,  Md.  October  1955 

Irving  Lieberman,  BRL,  APG,  Md. 

of  Steel  Targets  to  Measure  the  Penetration  of  Jets;  Im¬ 
provement  a  in  Light  Leakage  and  Light  Source  Intensity  for 
Kerr  Cell  Photography;  Stmin- Free  Cells  for  Kerr  Cell 
Photography;  Use  of  Shaped  Cliarges  in  Pbotoflaah  Bombs. 


122  pp.  50  figs 

Abstract  Card  No.  5(a)  C0NFT.0ENTIAL 

Ordnance  Corps  Shaped  Charge  Research  Report  ?'  C .* 

Editors:  John  L,  Snuier,  BRL,  APG,  lid.  October  I9‘>p 

Irving  Lieberman,  BRL,  APC.  Ma. 

of  Steel  Targets  to  Measure  the  Penetration  or  so Im¬ 
provements  in  Light  Leakage  and  Light  Soiree  Intensity  for 
Kerr  Cell  Photography;  Strain-Free  Ce.Us  for  Kerr  Cell 
photography;  Use  of  Shaped  Charges  in  Photoflash  Bombs. 
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The  remainder  of  the  abstract  cards,  which  follow,  are  for  reports 
and  papers  other  than  those  published  in  the  Research  Report.  These 
abstracts  were  submitted  hy  the  agencies  originating  the  reports. 

Xt  is  intended  that  these  Cards  can  be  removed  for  filing  if  de¬ 
sired.  However,  for  security  purposes,  since  the  abstract  may  be 
classified,  provision  is  madt  fcr  retaining  the  signature  and  Identi¬ 
fication  of  the  person  removing  the  index  card. 
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Abstract  Card  Wo.  1 

Some  Observations  of  Elastic  Properties  of  April  1955 
Solids  under  Explosive  Loading 

•J.  Levey,  H.  1.  Breidenbnch,  Jr. ,  J.  W.  Gehring,  Jr., 
Ballistic  Research  Laboratories ,  Aberdeen  Proving  Ground, 
Maryland 

The  sti  .ins  and  ebook  fronts  in  a  magnesia  alloy 
subjected  to  a  contact  detonation  have  be< n  determined 
from  finch  radiographs.  From  these  the  stresses  and 
stress-strain  ratios  for  the  compressions!  and  shearing 
strains  at  the  shook  fv~ its  have  been  computed,  using 
finite  strain  theory.  The  compressional  stress- strain 
ratio  exeseda  the  infinitesimal  and  increases  rapidly  with 
strain,  The  shearing  strecs-otrain  ratio  is  considerably 
lower  than  the  infinitesimal  and  about  that  predicted  from 
Murnagh&n'a  second  order  theory,  p-p.  Much  less  complete 

Abst^t  c^dloTl  m  N~ 

8ome  Observations  of  Elastic  Properties  of  April  1955 
Solids  under  Explosive  Loading 

J.  Dewey,  H.  I.  Bieidenbacu,  Jr.,  J.  W.  Oehring,  j>., 
Ballistic  Research  Laboratories,  Aberdeen  Proving  Cround, 
Maryland 

The  strains  and  shock  fronts  in  a  magnesium  alloy 
subjected  to  a  contact  detonation  have  been  determined 
from  flash  radiographs.  From  these  the  stresses  and 
•tress-strain  ratios  for  the  compressional  and  shearing 
strains  at  the  chock  fronts  have  been  computed,  using 
finite  strain  theory.  The  compressional  stress-strain 
ratio  exceeds  the  infinitesimal  and  increases  rapidly  with 
otraln.  The  shearing  stress-strain  rRtio  is  considerably 
lover  than  the  infinitesimal  and  about  that  predicted  from 
Mumeghan's  second  order  theory,  p-p.  Much  less  cormlete 
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Abstract  Card  No.  3 

Some  Observations  of  Elastic  Properties  of 
Solids  under  Explosive  Loading 

J.  Dewey,  H.  I.  Breidenbach,  J 'r.,  J.  W.  Gehring,  Jr., 
Ballistic  Research  Laboratories,  Aberdeen  Previn r  ..nd. 

Maryland 

The  strains  and  shock  fronts  in  a  magnesium  -lloy 
subjected  to  a  contact  detonation  have  hen  determi-sd 
from  flash  radiographs.  From  these  the  stresses  ana 
stress-strain  ratios  for  the  compressional  and  shearing 
strains  at  the  suock  fronts  have  been  computed,  using 
finite  strain  theory.  T.e  coapresoional  si^ess-sti-aln 
ratio  exceeds  the  infinitesimal  and  increases  rapidly  with 
strain.  'Hie  shearing  stress- strain  ratio  is  eonpiiV'ivs.bly 
iovfrr  t'f.uj  the  inf  ini  ^  .....  ,u*  v  prcci  c 

Mumaghan's  second  order  theory,  p-p.  Much  I.-jb  te 
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Abstract  Card  No.  1 

An  Experimental  Determination  of  Detonotlo- 
Pressure  in  Two  Solid  Bleb  Explosives 


EHt,  No.  935 

April  1953 


J.  W  Gehring,  0>.,  J.  Dewey,  Ballistic  Research 
laboratories,  Aberdeen  Proving  Ground,  Maryland 

A  met!  d  of  determining  detonation  pressure  of  solid 
explosives  by  flash  radiography  of  steady  stale  contact 
detonations  is  described.  Results  on  5C-50  lentolite  and 
Composition  B  are  somewhat  higher  then  computed  values 
usually  reported. 


16  pp.  7  fi£o. 


J  Abstract  Card  No.  2 

I  An  Experimental  Determination  of  Detonation 

Pressure  in  OVo  Solid  high  ?vplo.»ives  p  ^ 

j  J.  W.  Gehring,  Jr.,  J.  Dewey,  Ballistic  P.oooaroh 
j  Laboratories,  Aberdeen  Proving  Ground,  Maryland 


A  method  of  determining  detonation  pressure  of  solid 
explosives  by  flash  radiography  of  steady  state  contact 
detonations  Is  described.  Results  on  50-50  Pentolite  and 
Composition  B  are  somewhat  higher  than  computed  values 
usually  reported. 


16  *p.  7  fig». 


Abstract  Card  No.  3 

An  Bcperlmentai  Determination  of  Detonation 
PreaBure  in  Two  Solid  High  Explosives  ™ 

J.  W.  Gehring,  Jr.  >  J.  Dewey,  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Crowd,  m kt  '  'nd 

A  method  of  determining  detonation  pressure  of  solid 
exploeivee  by  flash  radiography  of  steely  state  ewtaci 
detonations  is  described.  Results  on  50-5°  Penuolite  and 
Ccmpositicn  B  am  somewhat  higher  than  computed  values 
usually  reported. 


16  pp,  7  figs. 
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observations  on  plate  glass  and  Catalln  £l-C?3  are  re¬ 
ported  and  reduced.  Observations  on  heavier  materials 
give  subsonic  shook  velocities  under  very  high  stresses, 
la  all  materials  except  glass  the  compression  front  is 
markedly  ciaved,  indicating  a  rapid  decay  of  shook 
strength- 


30  pp.  8  figs.  6  this. 

observations  on  piste  glaob  and  Catalln  61-893  are  re¬ 
ported  and  reduced.  Observations  on  heavier  materials 
give  subsonic  shook  velooltiss  under  very  high  stresses. 
’ In  all  materials  except  glass  the  compression  front  Is 
markedly  curved,  indicating  a  rapid  decay  of  shock 
strength. 


30  pp.  8  figt.  6  tble. 


observations  on  p3*te  glass  and  Catalln  6l-8n?  » -3  re  - 
ported  and  reduced,  Observations  on  he*  ..  r  wair-r;* 
give  subsonic  shock  velocities  unties  veiy  tjgb  stivubeo. 
In  all  mater 3 ala  except  glass  the  ccwpxogsion  front  is 
markedly  curved.  Indicating  a  rapid  decay  of  shock 
strength. 


6  this. 


30  pp.  8  figs. 
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Abatraqt  Card  No.  1 

BHL  No  •  93*) 

An  Experimental  Determination  of  Detonacion  ,  ^q^k" 

Pressure  in  Two  Solid  High  Explosives  ' 

J.  W.  Gehring,  Jr.,  J.  lowey,  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Maryland 

A  method  of  determining  detonation  pressure  of  solid 
exj  waives  i.y  flash  radiography  of  stead*'  state  contact 
detons.tior ?  xs  described.  Results  on  50-^0  ^entolite  and 
Composition  B  are  somewhat  higher  than,  computed  values 
usually  reported. 


16  pp.  7  figs. 


,  Abstract  Card  No,  2 

I  An  Experimental  Determination  of  Detonation  ^ 

Pressure  in  Two  Solid  High  Explosive*  p 


|  J.  W.  Oehring,  Jr.,  J.  Dewey,  Ballistic  Research 
j  Laboratories,  Aberdeen  Proving  Ground,  Maryland 


A  method  of  determining  detonation  pressure  of  solid 
explosives  by  flash  radiography  of  steady  state  contact 
detonations  is  described.  Results  on  50-50  Fsntollte  end 
Composition  B  ore  somewhat  higher  than  computed  values 
usually  reported. 


16  p".  7  figs. 


Abstract  Card  Bo.  5 

An  Experimental  Deuerml nation  of  Detonation 
Pressure  in  Two  Solid  High  Explosives  **  ^ 

J.  W.  Gehring,  J!r.,  J.  Dewey,  Ballistic  Research 
Laboratories,  Aberdeen.  Proving  Ground,  Maryi'.nA 


A  method  of  determining  detonation  preoour.'  of  Bo_.a 
explosives  by  flash  radiography  of  steady  rotate  contact 
detonations  is  described.  Results  on  50-5'-'  Pentdite  and 
Composition  B  are  somewhat  Mgher  than  computed  values 
usually  -.’sported . 


16  pp,  J  figs. 
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Abstract  Caru  Ho.  1 

Asymmetry  of  'Detonation  Waves  Emerging  ; Uy  1935 

from  KJ6  and  '-i?6  Mlu  Initiated  Tetryl  Pellets 

George  E.  Hauver  and  Kenneth  A.  Benson 
Ballistic  Research  I  >oretories,  Aberdeen  Proving  Ground, 
Maryland 

Results  of  measurements  on  emergent  detonation  wave¬ 
forms  from  tetryl  pellets  initiated  by  Mi 6  ana  Ml8  detona¬ 
tors  are  reported.  The  results  indicate  that  the  average 
waveform  asymmetry  reaul  '• !  ru*  from  initiation  by  an  M36-M18 
eomhination  is  approximately  one-fourth  to  one-fifth  the 
asymmetry  resulting  from  initiation  by  an  M36  alone. 


9  pp.  7  figs. 


BRLM  Wo.  695 
May  I935 


Abutraot  Card  No.  2 

Asymmetry  of  Detonation  WaveB  Emerging 
from  M36  aud  M36-M18  Initiated  Tetrad  Pellets 

George  E.  Hauver  and  Kenneth  A.  Benson 
Ballistic  Research  Laboratories,  Aberdeen  Proving  Ground, 
Maryland 

Results  of  measurements  on  emergent  detonation  wave¬ 
forms  from  tetryl  pellets  initiated  by  M36  end  Ml8  detona¬ 
tors  are  reported.  Tije  results  indicate  that  the  average 
waveform  asymmetry  resulting  from  initiation  by  an  M36-M18 
combination  is  approximately  one-fourth  to  one-fifth  the 
asymmetry  resulting  from  Initiation  by  an  M36  alone. 


9  PP-  7  figs. 
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Abstract  Card  No.  5 

Asymmetry  of  Detonation  Waves  Emerging 
freo  M36  and  My6-Ml8  Initiated  Tetryl  Pellets 

George  E.  Hauver  ind  Kenneth  A.  Benson 
Ballistic  Research  Laboratories,  Aberdeen  Pi-. 

Maryland 

Results  of  neaourements  an  emergent  aetonation  wave¬ 
forms  from  tetryl  pe’lets  initiated  hy  M36  and  Mlo  detona¬ 
tors  are  reported,  rhe  results  indicate  that  the  average 
waveform  asymeuiy  resulting  from  initiation  by  an  M36-KI.8 
combination  is  approximately  one-fourth  to  c-'°-fii’th  v.he 
asymmetry  resulting  from  Initiation  by  an  M3o  alone. 


pp. 


7  figs. 
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Cine-!  Morose  ,py  at  Framing  Rates >10  /Sec  n'd  May  1955 


Louis  'terr.'.v,  George  Nauver, 

Ballistic  Research  Lubo.-’t  "lea,  Aberdeen  Proving 
Ground,  Maryland 

A  commercially  available  framing  camera  has  been 
adapted  for  cine-microscopic  studies  at  framing  rat. ■>8 
greater  than  10^  per  second,  and  magnifications  In  excess 
of  200.  Portions  of  camera  records  shoeing  glass  fractv>re 
at  h.'Jx,  ar.d  exploding  vire  at  25x  and  an  electric  spark 
at  21 5x  are  included  to  illustrate  the  type  of  obser¬ 
vations  to  which  this  technique  has  been  applied. 
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2  figs, 


Abstract  Card  No.  2  _D1 a,u. 

q  nRLM  095 

Cine-Microscopy  at  Framing  Rates>10  /Second  May  1955 

Louis  Zemow,  George  Hauver, 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Maryland 

A  commercially  available  framing  camera  has  been 
adapted  for  cine-microscopic  atudios  at  frtunlng  rates 
greater  than  10°  per  second,  and  magnifications  in  excess 
of  200.  Portions  of  camera  records  showing  glass  fracture 
at  4.5*,  and  exploding  wire  at  25x  and  an  electric  spark 
at  2l5x  are  included  to  illustrate  the  type  of  obser- 
-  vat ions  to  which  this  technique  has  been  applied. 


2  figs. 
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Abstract  Card  No.  5  BRIM  895 

Cine-Microscopy  at  Framing  Rates>10 “/Second  May  1955 

Louis  Zernov,  George  Hauvor, 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Maryland 

A  commercially  available  framing  camera  hsn  i«cu 
adapted  for  cine-microscopic  studies  at  framing  rates 
greater  than  10°  per  second,  and  magnifications  in  excess 
of  200.  Portions  of  camera  records  showing  glass  fracture 
at  4.5x,  and  exploding  wire  at  25x  and  an  electric  spark 
at  21 5*  are  inclined  to  illustrate  the  type  of  obser¬ 
vations  to  which  this  te-hnique  has  been  a^-’ied. 
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Abstract  Card  No.  1 


CONFIDENTIAL 


BRIM  90'' 

Flash  Radiographic  Stud:--  of  Anoiral  ous  Jets  .  lqk^ 
from  90jnm  Llnara  Manufac.ured  by  Rotary  *  ^ 

Extrusion  (U) 

Julius  Simon,  Ballistic*  Research  Laboratories, 

Aberdeen  Pro  'ing  Ground,  Mfll. 

five  lots  of  experimental  fXtam  "spun"  copper  liner# 
manufactured  by  a  controlled  spinning  process  exhibited 
spin  compensation  vhen  i ired  for  spin-rate-penetration 
behavior.  Flash  radiographs  are  shown  of  jets  from  these 
liners  which  confirm  the  penetration  experiments,  showing 
spin  compensation  in  liners  manufactured  by  thid  spinning 
technique. 


13  PP,  d  figs.  1  tbl. 

Abstract  Card  Ho.  2  CONFIDENTIAL 

Bprv  <vyr 

Flash  Radiographic  Study  of  Anomalous  Jets  _  .  f  * 
frum  90m  Linerfa  itu.ufacturea  by  Rotary  ^ 

Extrusion  (U) 

Julius  Simon,  Ballistic  Research  Laboratories, 

Aberdeen  Proving  Ground,  Maryland. 

Five  lots  of  experimental  90mm  "spun"  copper  liner# 
manufactured  by  a  controlled  spinning  process  exhibited 
spin  compensation  vhen  fired  for  spin-rate -penetration 
behavior.  Flash  radiographs  are  shown  of  Jets  from  these 
liners  which  confirm  the  penetration  experiments,  showing 
spin  compensation  in  llnerB  manufactured  by  this  spinning 
technique. 


1?  pp,  8  figG.  1  tbl. 

Abstract  Card  ho.  3 


CONFIDENTIAL 


Flash  Radiographic  Study  of  Anomalous  Jets 

from  90mn  Liners  Manufactured  by  Rotary  “  y  '>'>J 

Extrusion  (U) 

Julius  Simon,  Rail ieiio  Research  laboratories. 

Aberdeen  Proving  Ground,  lid. 

Five  lots  of  experimental  5Xta!  "spun”  copper  liners 
manufactured  by  a  controlled  spinning  process  exhibited 
spin  compensation  when  ."■'red  for  spln-rate-penetratlon 
behavior.  Flash  radiographs  are  shown  c-f  jets  from  these 
liners  which  c*.  ’.firm  the  penetration  experiments,  showing 
spin  component  i.n  in  ]  inert;  manufactured  by  this  r winning 
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/hutract  Cara  No.  1  COHFIDEIfTIAL 

A  Flash  Radiographic  Study  of  Special  BKil  209 

Armor  (U)  July  1955 

Julius  Simon ,  Ballistic  Research  Laboratories, 

Aberdeen  iToving  Ground,  l!d. 
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Working  on  t..e  problem  of  casting  armor  abound 
quartzite  blocks,  the  Detroit  Arsenal  has  developed  a  pro¬ 
cedure  vrtiich  appears  to  bo  the  initial  step  toward  making 
use  of  the  defensive  potentiality  of  glass  or  glaaelike 
materials.  This  report  presents  direct  experimental  evi¬ 
dence  in  the  fora  of  flash  raaiographa  of  secondary  in¬ 
terference  by  siliceous  cored  armor  with  the  residual  jets 
from  shaped  charges. 

Other  target  materials  which  oxhibit  this  anomalous 
behavior  against  shaped  charge  Jets  are  Included  for  com¬ 
pel  ison  purposes. 


-  15-PP.  5.  fig*. _ _ _ _ 

Abstract  Card  No.  2  CONFIDENTIAL 


Vyisah^adiographic  Study  of  Special 


BRLM  909 
July  1955 


Julius  Simon,  Ballistic!  Research  Laboratories, 
Aberdeen  Proving  Ground,  Ml. 


Working  on  the  problem  of  casting  armor  around 
quartzite  blocks,  the  Detroit  Arsenal  has  developed  a  pro¬ 
cedure  which  appears  to  be  the  initial  atep  toward  making 
use  of  the  defensive  potentiality  of  glass  or  glosollke 
materials.  This  report  presents  direct  experimental  evi¬ 
dence  in  the  fora  of  flash  radiographs  of  secondary  in¬ 
terference  by  siliceous  cored  armor  with  the  ruuiduaJ.  jets 
from  shaped  charges. 

Othsr  target  materials  which  exhibit  this  anomalous 
behavior  against  shaped  charge  Jets  ore  included  for  com¬ 
parison  purposes. 


15  pp.  5  figs. _ 

Abstract  Card  No.  5  CONFIDEJffAIL 

A  Flash  Radiographic  Study  of  Special  BRLM  909 

Armor  ft)  July  1955 

Julius  Simon,  Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Md. 

Working  on  the  problem  of  casting  armor  around 
quartzite  blocks,  the  Detroit  Arsenal  has  developed  pro¬ 
cedure  which  appears  to  be  the  initial  rtep  ioward  irukd-’K 
use  of  the  defensive  potentiality  uf  glass  or  glsaalik': 
materials.  This  report  presents  direct  experiments.',  f.  i- 
denee  in  the  form  of  flash  radiographs  of  secondary  in¬ 
terference  by  siliceous  cor-i  armor  with  the  residuil  jut. 
from  shaped  charges. 

Other  target  materials  which  exhibit  this  ano  .*10*. 
behavior  against  shaped  charge  jets  are  included  fo 
pari  sou  purposes. 

15  pp.  5  figs. 


